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In violent crimes, bloodshedding events are common, in which various and disperse 
bloodstains and bloodstain patterns are of essential evidentiary value for criminal 
investigations. The examination, interpretation, and reconstruction of bloodletting events 
are commonly undertaken by qualified Bloodstain Pattern Analysis (BPA) analysts, who 
are able to comprehend the sequences of events that have transpired at the 
bloodshedding incident. Subsequent to the identification and interpretation of bloodstain 
patterns at a crime scene, the analysis of an impact pattern is imperative for the 
reconstruction of a crime scene. Impact patterns are generated when liquid blood is 
struck by an object, resulting in the distribution of airborne blood droplets at a substantial 
distance from the source. Droplets adhere to the nearest surface, therefore, creating the 
pattern. Appropriate bloodstains (in other words, stains selected based on fundamental 
features) would be selected on the impact pattern, thus, providing an accurate 
representation of the Area of Convergence. Combining the angle of impact for the 
selected bloodstains with the Area of Convergence provides the three-dimensional spatial 
representation of the blood source location. Studies have revealed that the 
determination of the blood source is a crucial aspect in the reconstruction of crime 
scenes. Currently, the educational and professional sectors utilise paper to line the 
interior surfaces of facilities for the reconstruction of BPA events since an innovative 
application is unavailable. Ascertaining a reusable surface would be valuable to BPA 
analysts and students when practising their reconstructive techniques on BPA events 
since there is limited literature available on reusable surfaces that could aid in the 
reconstruction of BPA events. The determination of an applicable reusable surface is a 
novel experiment; the evaluation of the current literature in all aspects of BPA should be 
researched more extensively in order to discover an appropriate reusable surface that 
would not influence the determination of the spatter events. In addition to this, the study 
is able to aid in the validation of the AOO determination of painted surfaces encountered 





TABLE OF CONTENTS 
ABSTRACT ..................................................................................................................... 2 
LIST OF FIGURES ............................................................................................................ 5 
LIST OF TABLES .............................................................................................................. 5 
LIST OF EQUATIONS ....................................................................................................... 5 
1. INTRODUCTION ..................................................................................................... 7 
2. DISCUSSION .......................................................................................................... 10 
2.1 Properties of Blood ........................................................................................... 10 
2.1.1 Blood Constituents ................................................................................................... 10 
2.1.2 Hematocrit value ..................................................................................................... 10 
2.1.3 Blood Substitutes ..................................................................................................... 11 
2.1.4 Viscosity .................................................................................................................. 12 
2.1.5 Surface tension ........................................................................................................ 13 
2.2 Fluid Dynamics (FD) of Blood ............................................................................. 14 
2.2.1 Formation of a blood droplet ................................................................................... 14 
2.2.2 Flight Path of blood droplets .................................................................................... 17 
2.2.2.1 Laws of Motion ................................................................................................................... 17 
2.2.2.2 Trajectory ............................................................................................................................ 18 
2.2.2.3 Oscillation ........................................................................................................................... 19 
2.2.3 Blood droplet impacting a surface ........................................................................... 20 
2.2.3.1 Perpendicular and Oblique Impacts ................................................................................... 20 
 4 
2.2.3.2 The phases of impact .......................................................................................................... 21 
2.3 Analysing BPA Events ........................................................................................ 23 
2.3.1 Methodology ........................................................................................................... 23 
2.3.2 BPA Taxonomy and Pattern Formation .................................................................... 24 
2.4 Reconstruction of Impact Patterns .................................................................... 28 
2.4.1 Selection of Bloodstains ........................................................................................... 28 
2.4.2 Angle of Impact (AOI) and Calculations .................................................................... 29 
2.4.3 Area of Convergence (AOC) ...................................................................................... 32 
2.4.4 Area of Origin (AOO) ................................................................................................ 34 
2.4.4.1 Methodologies for Area of Origin (AOO) determination .................................................. 35 
2.4.4.2 Errors in the Area of Origin (AOO) determination ............................................................. 38 
2.5 Reusable surface ............................................................................................... 40 
2.5.1 Painted surfaces for BPA .......................................................................................... 40 
2.5.1.1 Current research ................................................................................................................. 40 
2.5.1.2 Wettability of blood ........................................................................................................... 42 
2.5.2 Paint background .................................................................................................... 43 
2.5.3 Instrumentation for paint classification ................................................................... 45 
3. EXPERIMENTAL AIMS AND OBJECTIVES ................................................................. 47 
4. CONCLUSION ........................................................................................................ 48 




LIST OF FIGURES 
 
Figure 1. Semi-Dimensionless plot to determine the impact velocity of a failing droplet as a 
function of droplet diameter (do), and initial droplet velocity (vo), for a vertical trajectory of 
1m. The violet curve is the terminal velocity (vterminal)21. ..................................................... 15 
Figure 2. The bloodstain taxonomy with the two categories (Spatter and Non-Spatter). 
Spatter stains have no subclassification, but non-spatter stains have three 
subclassifications (Misc., Gravity, and Contact). Under each category are the different 
bloodstains and bloodstain patterns8, 22 ............................................................................. 27 
Figure 3. A bloodstain presenting the manual measurements to determine the stains 
dimensions82. ...................................................................................................................... 30 
Figure 4. A technical photograph of a bloodstain imported into Microsoftâ Office Excel 
2003 AutoShape software. The axis line (blue) travels through the middle of the stain, 
while the horizontal and vertical lines (red) are inserted to identify the width and widest 
point of the width in the stain, respectively. An ellipse (yellow) is formed to manipulate the 
precise measurements utilising the horizontal and vertical lines83, 84. ................................ 31 
Figure 5. A droplet impacting a target surface, illustrating the relationship between a – 
b(width/opposite), b – c(length/hypotenuse), and i and 0 (impact angle)8. ....................... 32 
Figure 6. The intersection of several bloodstains from a single impact pattern is identified 
as the Two-dimensional area of convergence (AOC)5, 8. ..................................................... 33 
Figure 7. The representation of the X and Y coordinates on the vertical plane and Z 
coordinate on the horizontal plane, displaying the three-dimensional area (AOO) 90. ....... 35 
Figure 8. Diagrammatic representation of the tangent method. A represents the Area of 
Convergence (AOC), B represents the Angle of Impact (AOI), C represents the distance 
between the leading edge of the bloodstain to the AOC, and D represents the target 
surface5, 8, 91. ....................................................................................................................... 36 
 
LIST OF TABLES 
 
Table 1. Significance of the physical regimes, show as specific regions in Fig 121 .............. 15 
Table 2. Morphology of spatter and non-spatter stains, indicating the difference between 
the two categories8. ............................................................................................................ 26 
Table 3. The Australian/New Zealand Standard108 for glossary of paint and painting terms 
classified the topcoat into five categories, and each category has a specular gloss unit 
reading at an incident angle of 60. ...................................................................................... 44 
 
LIST OF EQUATIONS 
 
Equation 1. The Angle of Impact (AOI) equation5,8 ............................................................. 32 





LIST OF ABBREVIATIONS 
 
AOC   Area of Convergence 
AOI   Angle of Impact 
AOO   Area of Origin 
BPA   Bloodstain Pattern Analysis 
CO2   Carbon Dioxide 
FD   Fluid Dynamics 
FTIR   Fourier Transform Infrared Spectroscopy 
Hct   Hematocrit 
IABPA   International Association of Bloodstain Pattern Analysis 
L   Length 
MSP   Microspectrophotometry 
POI   Person of Interest 
PY-GC/MS  Pyrolysis Gas Chromatography/Mass Spectrometry 
RBC   Red Blood Cells 
Re   Reynold Number 
SEM/EDX  Scanning Electron Microscopy/Energy-Dispersive X-ray 
SWGSTAIN  The Scientific Working Group on Bloodstain Pattern Analysis  
W   Width 
WBC   White Blood Cells 
We   Weber Number 
XRD   X-Ray Diffraction 
a   Alpha 












1. INTRODUCTION  
 
One of the subcategories in the discipline of forensic science is BPA, the discipline is 
utilised in violent crimes where bloodshed is common1, 2. Blood is vital biological trace 
evidence that is frequently discovered at crime scenes. The analysis of chemical 
compounds in the blood and the morphological appearances of bloodstains can lead to 
valuable information being acquired; thus, making blood an important forensic tool3. The 
underpinning sciences utilised for BPA are mainly biology, chemistry, mathematics, and 
physics; the knowledge of these fields with the examination of various and diverse 
bloodstains and bloodstain patterns are able to provide the sequence of events that has 
consequently led to the deposition of bloodstains or bloodstain patterns4-6. The 
examination, interpretation, and reconstruction of bloodshedding events are 
predominantly undertaken by qualified BPA analysts7-9. 
 
The discipline has documented studies dating back to the 19th century, with the most 
recognised study in the interpretation of bloodstains conducted by Piotrowski10, who 
identified the importance and relevance of bloodstains to criminal investigations5, 10, 11. 
Furthermore, Piotrowski’s10 study indicated the influence of blood dynamics, the 
characteristics of impact patterns, identification of different bloodstain patterns, and the 
location of the blood source prior to deposition; this was the first documented research in 
the field of BPA10, 11. The pioneering scientific investigation in regards to droplet impact 
for BPA was conducted by Balthazard et al.12; the researchers were able to establish a 
correlation between length (L) and width (W) dimensions of a bloodstain in order to 
determine the angle at which the droplet impacted the target surface. The determination 
of the L and W is influential since its one of the reconstructive techniques for the 
determination of Area of Origin (AOO)12. BPA evidence was first utilised in the case of the 
State of Ohio vs. Samuel Sheppard, in 1955 an affidavit was prepared by Kirk13 to 
substantiate bloodstain evidence, the affidavit explained the relative position of the 
person of interest (POI) and the victim at the time of the bloodshedding event; the 
compilation of the document included the researcher’s examination and analysis of 
physical evidence5, 8. This case was a momentous achievement in the acknowledgement 
of bloodstain evidence in a judicial system5. It was MacDonell14, 15 who guided the 
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direction for modern BPA research. The comprehensive research conducted by 
MacDonell15 was extensive and comprised of several guidelines that can be currently 
utilised in the field by BPA analysts as a reference when performing interpretations of 
bloodstain patterns. MacDonell’s continuous involvement in the discipline permitted the 
researcher to be a founding member of the International Association of Bloodstain 
Pattern Analysis (IABPA)5, 16. Since the establishment of the IABPA, various advancements 
have been attained in the discipline, including widespread research that has resulted in 
several publications to support BPA analysts in the field5, 8, 11, 17-20.  
 
In order for BPA analysts to understand bloodstain patterns, an understanding of fluid 
dynamics (FD) is essential in understanding the formation, trajectories, and impact of 
blood droplets8, 21. Bloodstain patterns can be differentiated into six fundamental 
mechanisms: [1] dispersion through the air; [2] dispersion through force; [3] ejection 
from an object in movement; [4] ejection under pressure; [5] accumulation or movement 
on a surface; and [6] deposition through transference8, 22. Following the identification of 
patterns at a crime scene, BPA analysts have the capability to determine the location of 
an impact spatter5, 23. The striking of an object onto liquid blood is able to disperse blood 
droplets from the source through the air; blood droplets adhere to the nearest surface 
(target surface), therefore, creating an impact pattern5, 8, 23. Subsequent to the 
determining the source of an impact pattern, the selection of appropriate bloodstains is 
performed5, 8. There are several selection criteria for bloodstains that are based on 
fundamental features, the shape of the stain must be elliptical, symmetrical, and have a 
well-formed leading edge, the stain should be fast upward travelling, the size of the stain 
length should be between 3mm–8mm, the stain angle of impact (AOI) should be between 
10o–30o, and the section area on the impact pattern should be ’10 to 2’ on a clock face 
quadrant18, 24-26. The selection of appropriate stains would provide an accurate 
representation of the Area of Convergence (AOC)5, in accordance with the Scientific 
Working Group on Bloodstain Pattern Analysis (SWGSTAIN)22 terminology, the AOC is 
interpreted as the region comprising of bloodstains within a bloodstain pattern that can 
be reconstructed to determine a two-dimensional area with the utilisation of well-
developed stains22. The combination of the two-dimensional area with the AOI for the 
selected stains inserts the third dimension to the AOC5, 22, 27. Thus creating a three-
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dimensional spatial representation of the blood source location5, 22, 27, the AOO 
determination suggests information on the victim relative posture within a crime scene, 
this is very important in criminal proceedings since the information is able to corroborate 
or refute statements.5, 8, 23. At domestic crime scenes, bloodstains may be detected on 
several surfaces (furniture, walls, floors, clothing)28, the surface characteristics may 
influence the reconstruction of patterns on an assortment of wall surfaces (e.g., painted, 
wallpaper, chipboard, wood). Griffiths et al29 conducted a study on the effect AOO 
determination would have on various wallpaper, the study results indicated that textured 
wallpaper obstructed the stains, thus, generating poor AOO determination in comparison 
to smooth wallpaper29.  
 
At present, paper is utilised to line the interior surfaces of professional and 
educational facilities for the reconstruction of BPA events30, 31, an innovative application is 
currently unavailable. A previous study indicated painted surfaces are more suitable 
target surfaces for articulating accurate bloodstain pattern classifications in comparison 
to other substrates32. There is a limited amount of research on the influences bloodstains 
have on painted surfaces, a study conducted by Adam33 investigated the formation and 
spreading of bloodstains on various painted surfaces for perpendicular and non-
perpendicular impacts, compared to the formation of bloodstains on paper since most 
BPA experimentations utilised paper as a target surface33, 34. Discovering a reusable 
surface would benefit BPA analysts and students when practising their reconstructive 
techniques on BPA events. The literature review focuses on evaluating the current 
literature in all aspects of BPA, in order to comprehensively understand the interactions 
between properties of blood, FD of blood, analysing and the reconstructive methods for 
bloodshedding crime scenes, and their influences on painted surfaces. The basis of this 
review resulted from the limited amount of research pertaining to painted surfaces that 
can be utilised as a reusable surface for educational and professional purposes. 
Furthermore, the review would aid in the determination of a novel experimental design 
that would benefit BPA analysts and students in practising their reconstructive techniques 
and investigate the effect of different reusable surface on AOO determination. 
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2. DISCUSSION  
 
2.1 Properties of Blood 
2.1.1 Blood Constituents 
 
Blood is comprised of four principal components; erythrocytes (RBCs), leukocytes 
(WBCs), thrombocytes (platelets), and plasma35 with each component beneficial to the 
human body and is responsible for performing several physiological functions. The 
purpose of RBCs is for the transportation of oxygen (O2) and carbon dioxide (CO2) 
between the cells and the lung, WBCs possess the capability of combating diseases and 
infections, platelets are imperative for clotting of blood and healing of wounds, and 
plasma is an extracellular material that has the capacity for the transportation of various 
electrolytes, protein, and clotting factors 5, 36. 
 
 
2.1.2 Hematocrit value  
 
The proportion between RBCs volume to the total volume of blood is termed the 
Hematocrit (Hct) value37. The value is dependent on many factors, including age, gender, 
health status, race, and pathological conditions37, 38. Additional factors could also 
influence Hct values, Aplin et al.38 study identified hydration, stress, temperature and 
consumption of substances (illicit drugs or alcohol) would alter daily Hct values; while, 
Daousani et al.37  study indicated pregnancy and smoking could be additional factors. 
Both Aplin et al.38 and Daousani et al.37 studies concurred that altitude could alter Hct 
values. In a healthy individual, Boryczko et al.35 indicated that Hct values are quite 
variable, although the ranges are 30-55% in large arteries then declines to 10-15% in 
capillaries. However, research conducted by Aplin et al.38 and Kim et al.39 acknowledge 
that Hct values in human blood of a healthy individual could be between 35%– 54% and 
40%– 45%, respectively. 
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Researchers have recognised that Hct values may differ amongst individuals due 
to the many factors listed above37, 38; in addition to this, there is a variety of research that 
is indistinct and uncertain whether Hct values will affect bloodstain patterns. Christman40 
determined Hct values were different for male and female and that these values may 
affect bloodstain patterns, the researcher further explained highly viscous blood would 
contain more Hct in comparison to blood with low viscosity21, 40. Research conducted by 
Kim et al.39 determined averaging Hct levels could create significant errors in the 
determination of AOO; however, Aplin et al.38 research concluded Hct levels did not 
hinder the determination of AOO, it was further elaborated that the cellular components 
of blood would not influence the accuracy of reconstruction methods for BPA. Since 
several studies have indicated that Hct values are different amongst individuals, it is 
appropriate to utilise one individual for the experimentation to maintain Hct values at 




2.1.3 Blood Substitutes 
 
Most professional and educational instructors will utilise human blood or blood 
substitutes in crime scene reconstruction of BPA events31; though over the recent years, 
instructors have utilised blood substitutes due to the potential health risk human blood 
poses40. The utilisation of an alternative blood substitute, for instance, animal blood, is a 
suitable substitute since the chemical and physiological variance between human and 
individual species are minimal31, 40, 45. Furthermore, an investigation conducted by 
Christman40 concluded the application of equine, bovine, porcine, and ovine blood did 
not hinder bloodstain shape, impact spatter creations, determination of AOI, AOC and 
AOO40. Upon comparison of the different types of animal blood to human blood, 
Christman40 established the blood of the four different species were practical for 
experimentations and were at a similar standard to human blood.  
 
Studies conducted by Illes et al.31 and Laurent et al.46 specified that ovine and 
porcine blood are similar in viscosity to human blood; though, Laurent et al.46 determined 
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that porcine blood is more suitable over ovine blood. In addition to this, Raymond et al.47 
explored the usage of porcine blood as opposed to human blood in experimental studies. 
Raymond et al.47 and Laurent et al.46 discovered that the rheological behaviour of porcine 
blood is comparable to human blood; however, both Laurent et al.46 and Wickham et al.48 
reported that porcine blood has a lower viscosity in comparison to human blood. 
Although the utilisation of porcine blood is beneficial for forensic research, the stress-
induced via the abattoir process is able to alter the viscosity of the blood47 which may 
impact the determination of AOO. In addition to this, there is a potential hazard of 
contracting a zoonotic disease (animal to human transmission)40, acquiring animal blood 
that is certified and free of pathogens is fairly expensive49. Even though human blood may 
have the possibility of bloodborne pathogens, it will be effortless to obtain a candidate 
and conduct a full blood examination. 
 
 
2.1.4 Viscosity  
 
Blood is recognised as a non-Newtonian fluid due to having liquid and solid 
components8, 21, blood has the ability to behave differently under pressure in comparison 
to a Newtonian fluid (for example, water)8; this capability is what makes blood highly 
viscous.  As reported by Dintenfass50, blood viscosity is affected by four factors; the 
factors are identified as Hct values, RBC aggregation, plasma viscosity, and internal 
viscosity of red cells50. A study conducted by Christman40 determined that the viscosity of 
blood may influence the measurements of bloodstains; the researcher ascertained that 
Hct values are a factor of blood viscosity. Considering Hct value is a factor of viscosity, 
Attinger et al.21 revealed that athletes would exhibit more viscous blood that contains a 
higher amount of Hct in comparison to an average individual21, 40. Attinger et al.21 and 
Daousani et al.37 findings are conclusive that blood viscosity is directly proportional to Hct 
value. 
 
 Although Dintenfass50 did not state that temperature was a factor of blood 
viscosity, the study revealed how temperature would influence blood viscosity factors 
(plasma viscosity and RBC aggregation); if the temperature is below the normal body 
 13 
temperature (37oC), clotting factors will transpire in the blood source, thus altering the 
blood viscosity. The results Dintenfass50 obtained corroborate a study conducted by 
Langstroth51; the study was evaluating the viscosity of blood at increasing temperatures; 
the study reported that blood was less viscous at increase temperatures 23. Attinger et 
al.21 and Langstroth51 determined that temperature is inversely proportional to blood 
viscosity, Langstroth51 discovered that increasing the temperature of blood, lowers the 
viscosity of blood. Since various factors affect the viscosity of blood, for this 
experimentation, fresh blood will be required and less than six hours old since clotting 
factors will alter the viscosity of blood and the utilisation of one participant will maintain 
Hct value at constant.  
 
 
2.1.5 Surface tension 
 
The force that influences the surface molecules to be attracted towards the 
internal area of a fluid, which reduces the surface area and could resist penetration, is 
defined as the surface tension5. According to Attinger et al.21 surface tension has an 
important function in the formation of drops and their influence when it impacts a 
surface. During the deviation of a blood droplet from the primary blood source, gravity is 
capable of surpassing the cohesive forces of the surface tension5. In addition to this, the 
surface tension is able to maintain the spherical shape of a blood droplet during flight, 
which reduces the surface energy of the droplet21. The spherical shape of a droplet is a 
significant factor to BPA21; if the droplet shape is altered at the point of impact this will 
hinder the resulting formation of the bloodstain; measurements obtained from the 
bloodstains would provide inaccurate calculations for the AOI and point of origin 8. 
Raymond et al.52 suggest that the surface tension is the main influence for blood droplet 
during flight and the formation of bloodstains on a target substrate. The inertia and 
surface tension of blood counteracts each other, thus, affecting the shape of the stain8. 
Furthermore, studies have determined that temperature could be a factor that affects 
surface tension21, 52, 53. A study conducted by Rosina et al.53 ascertained that temperature 
could alter the surface tension of a blood droplet; both Attinger et al.21 and Rosina et al.53 
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2.2 Fluid Dynamics (FD) of Blood 
2.2.1 Formation of a blood droplet 
 
The bloodletting event during a crime scene may result in the formation of 
numerous blood droplets; the movement of these blood droplets through the air would 
eventually impact onto a surface generating a cluster of bloodstains or bloodstain 
patterns54. Various external forces generate airborne blood droplets, for instance: gravity, 
bullet impact, blunt force impact, and centripetal acceleration54, 55. The disruption of a 
liquid into droplets is defined as atomisation; this entails a new surface and, therefore, 
new surface energy to be generated. The surface energy is usually provided by the kinetic 
energy of the object (for example, hammer, bullet)56. A graph (Figure 1) was produced by 
Attinger et al.21, using dimensionless numbers (Weber number and Reynold number); 
these numbers are able to present an extensive variety of physical regimes (Table 1) in 
the same graph and resolve substantial queries in BPA studies under standardised 
conditions. Both Attinger et al.21 and Kabaliuk et al.54 stated in their findings that the 
Weber number (We) and Reynold number (Re) are significant in the comprehension of 
droplet disintegration, given that droplet disintegration, occurs during flight, generating 
smaller droplets21, 54. The utilisation of the semi-dimensionless plot (Figure 1) with the 
table (Table 1) is able to clarify how different external forces can influence the formation 
of a blood droplet21; this is conclusive with Kieser et al.56 findings. Kieser et al.56 
determined a bullet impact would generate numerous amounts of small droplets 
(possible physical regime 5), while blunt force impact tends to generate fewer, larger 
droplets (possible physical regime 2 or 3); the kinetic energy required for a bullet impact 





















Figure 1. Semi-Dimensionless plot to determine the impact velocity of a failing droplet as a 
function of droplet diameter (do), and initial droplet velocity (vo), for a vertical trajectory of 
1m. The violet curve is the terminal velocity (vterminal)21. 
 
Table 1. Significance of the physical regimes, show as specific regions in Fig 121 
Physical Regime Physical significance on the trajectory of a drop 
1 Significant acceleration of droplet due to gravity forces, drag forces are 
significant. 
2 Significant acceleration of droplet due to gravity, drag forces are significant. 
3 Minor deceleration of droplet due to drag, gravity negligible with respect to 
drag, but gravity significant with respect to initial kinetic energy. 
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Furthermore, studies have indicated that aerodynamic forces are able to influence 
the shape of a droplet57-59; experimental studies that were conducted by Stow and 
Hadfield58 and Cai57 were able to determine the structure of a droplet prior to the 
moment of impact. It was identified by Rein59 that the five different structures a droplet 
could form prior to impact were classified as: spherical, deformed, oscillating, internal 
circulation, and surfactants. Most of the literature in BPA recognised that blood droplets 
could alter their shape prior to impacting on a target surface, the structures that have 
been acknowledged in BPA literature are spherical, deformed, and oscillating21, 54, 55. 
Additionally, Attinger et al.21 and Rein59 recognised sheet breakup and jet break up as the 
most standard process of droplet formation. Attinger et al.21 mentioned dripping as 
another process; however, there has been a discussion in the BPA society whether there 
is a minimum volume a blood droplet can be formed by dripping. Furthermore, Attinger 
et al.21 elucidates there is a balance between gravity and the vertical projection, rather 
than the balance between gravity and surface tension19, 21. Conversely, Kabaliuk et al.54 
study indicated that once the droplet attains maximum deformation, the droplet may 
further distort and disintegrate into smaller droplets. The study identified bag-type, 
vibrational, multimode, and shear breakup as a variety of droplet formations that would 
occur subsequent to the deformation of a droplet; the utilisation of the We was able to 




4 Drag forces significantly decelerate the drop; gravity negligible with respect to 
drag, but gravity significant with respect to initial kinetic energy. 
5 High probability that drop breaks up into smaller drops during flight, due to 
shear breakup. 
6 Major deceleration due to drag; gravity negligible with respect to initial kinetic 
energy. 
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2.2.2 Flight Path of blood droplets  
2.2.2.1 Laws of Motion 
 
At a bloodshedding incident, reconstruction may be achievable through inspecting 
bloodstains of an impact pattern8, 21. The procedure entails the backward reconstruction 
of blood droplet trajectories through the examination of bloodstains and the flight path 
model of droplets21. While comprehending flight of blood droplets, it is imperative to 
consider the motions that influences blood droplets5, 56. There are several publications5, 8, 
21, 54, 56, 60 in BPA acknowledging that Newton's laws of motion are essential in 
understanding the dynamics of blood droplets in flight. There are three Newton's laws of 
motion; however, the first and second laws are significant in understanding the flight of 
blood droplets5, 8, 21, 54, 56. Both James et al.5 and Kieser et al.56 elucidated that Newton’s 
first law of motion is the law of inertia, this law states that, “every object at rest will 
remain in that condition, except when an external force is applied to the object”56. James 
et al.5 acknowledged that the first law explains that the continuation of blood droplets 
travelling through the air does not occur since external forces (gravity and air resistance) 
affect the blood droplet.   
 
Additionally, James et al.5 and Kieser et al.56 revealed that Newton’s second law of 
motion is the law of acceleration. The law states that, “a force applied to an object will 
cause acceleration of that object 56, the acceleration of an object is directly proportional to 
the force acting on it and inversely proportional to its mass” 61. Bevel and Gardner8 
recognised that the second law explains the effect of acceleration or deceleration as a 
result of air resistance influences larger blood droplets during flight, larger droplets are 
capable of travelling further in comparison to smaller droplets. Moreover, Attinger et al.21 
identified that during the flight of blood droplets towards a target surface, there are only 
two forces operational: the mass of the droplet and the drag between the droplet and 
surrounding air21. According to Attinger et al.21, the utilisation of Newton's second law is 




 In addition to this, a recent study was conducted by Shoumy et al.60 to examine 
the applicability of utilising Newton’s and Stokes’ laws for impact spatters60. Spatter 
generation could be of low, medium, or high velocity21. Stokes' law could be applied to 
high-velocity impact spatters with low Re values (Re < 1), while Newton's law could be 
applied for medium to low velocity spatters with Re values of 1 or more (Re > 1)60. The 
results in Shoumy et al.60 study indicated that Newton’s law was more reliable for the 
reconstruction of blood droplet trajectories in comparison to Stokes’ law. 
 
2.2.2.2 Trajectory  
 
Studies have been conducted to understand the trajectories of blood droplets. 
Research by Piotrowski’s10 and Balthazard et al.12 identified that blood droplet 
trajectories are not of a straight line and rather a parabolic trajectory. Both researchers 
recognised that gravity and drag(air resistance) influences the flight of blood droplets10, 12. 
In addition to this, James et al.5 recognised that a blood droplet would impact a target 
surface utilising a flight path of a parabolic arc, thus leading the droplet to be deposited in 
a downward position. James et al.5 further discussed that air resistance and gravity would 
influence the flight path of a blood droplet until air resistance and gravity surmount their 
motion5. Although, Buck et al.62 revealed that blood droplets travelling in a parabolic 
trajectory should exhibit low velocities since high-velocity droplets would only travel a 
short distance and will remain in close proximity to the blood source. Furthermore, 
several of the BPA literature has identified the laws of motion is beneficial in 
comprehending flight trajectories of blood droplets5, 8, 21, 56, 60, in Shoumy et al.60 study 
Newton's and Stokes' laws were utilised in the determination of droplet trajectory; the 
study examined droplets size, velocity, and Re values to assess flight trajectories, the 
results determined that Newton’s law was beneficial for reconstruction purposes60. While 
other researchers have identified the effects of external forces on flight paths of blood 
droplets, Raymond et al.52 revealed that the relative density of blood is capable of 
influencing the trajectory of blood droplets and therefore their following contact angles. 
Research into this field is minimal; relative density is one of the physical properties of 
blood, and the density of a substance is usually compared to a density of a standard (for 




During the flight of a blood droplet, the droplet is subjected to oscillation. A study 
conducted by Pizzola et al.19 utilised high-speed photographs to determined that blood 
droplets are able to oscillate during flight rather than remaining a perfectly spherical 
shape. There have been various studies ascertaining that droplet oscillation is crucial in 
deducing the structure of a droplet8, 25. Bevel and Gardner8, and Raymond et al.25 verified 
that oscillation influences the mass of a blood droplet in flight which could cause 
substantial alteration to the droplet structure, small droplets (1mm diameter or less) are 
more capable of maintaining a sphere shape and oscillation did not transpire in 
comparison to larger droplets8, 25, 63. Additionally, it has been identified that surface 
tension and viscosity are capable of inhibiting the oscillation of a blood droplet in flight21, 
25; Attinger et al.21 and Raymond et al.25 revealed that the viscosity is able to hinder the 
oscillation of a droplet, while surface tension attempts to minimise the surface area and 
distortion of a droplet21, 25. These two factors are able to influence the shape of a droplet 
in flight; thus, permitting the droplet to maintain the standard spherical shape it would 
exhibit25. 
 
 However, during oscillation, the droplet is able to alternate amongst the three 
phases, and these phases are identified as oblate, spherical, and prolate8, 25, 54. In addition 
to this, Kabaliuk et al.54 study indicated that aerodynamic forces subject the blood droplet 
to deform into the oblate and prolate phases; the study stipulated that drop deformation 
during flight is predisposed to the intensity and rate of the aerodynamic force applied, a 
free fall droplet would deform slightly differently in comparison to a rapid droplet (an 
external force influencing the droplet)54. While Raymond et al.25 study suggested that the 
two phases could generate an elliptical bloodstain which is vital to AOO, the 
researchers’25 was able to validate that a blood droplet may not be spherical at 
propagation; it was identified that spherical and ellipsoidal droplets impacting an oblique 




2.2.3 Blood droplet impacting a surface 
2.2.3.1 Perpendicular and Oblique Impacts 
 
When discussing blood droplets impacting a surface, Attinger et al.21 categorise the 
impact as perpendicular and oblique; If the impact angle a = 90o, the impact is classified 
as perpendicular to the target surface; the impact of any other angle is classified as an 
oblique impact21. Additionally, Balthazard et al.12 research investigated the effects a 
falling droplet at various heights would influence the shape of bloodstains; the study was 
conducted for both perpendicular and oblique impacts. Balthazard et al.12 study was the 
first to determine a correlation between height and stain diameter for perpendicular 
impact; the results indicated a more significant height of a droplet in free fall would 
produce a larger stain diameter and spreading with the presence of several peripheral 
spines. Balthazard et al.12 was unable to differentiate the effects of certain factors (i.e. 
height, diameter, spreading), but was able to distinguish a correlation between the 
impact velocity and the number of spines. A droplet impact examination was conducted 
by Laan et al.64, a high-speed camera was utilised to attain photographs of a singular 
blood droplet impacting a perpendicular surface. The frames indicated the droplet 
formed a circular stain, and the spreading was driven by the inertial forces and 
counteracted by the viscous forces until it reached the maximum diameter; it was also 
acknowledged by Attinger et al.21 that droplet spreading is driven by inertial forces and 
gravity and counteracted by surface tension and viscous forces. Additionally, Marmanis 
and Thoroddsen65 recognised the impact velocity affects the interaction between the 
inertial and viscous forces in a blood droplet, generating a stain with a disturbed edge and 
producing spines, which is conclusive with Balthazard et al.12 findings on impact velocity 
and the number of spines. Investigations conducted by Knock and Davison66, Hulse-Smith 
et al.67, and Hulse-Smith and Illes68 were able to distinguish a relationship between a 
height of a droplet in free fall, stain diameter, and the presence of spines; all three 
studies identified the influences impact velocity had on altering those three aspects.   
 
The study conducted by Balthazard et al.12 further verified a droplet impacting an 
oblique surface would result in an elliptical bloodstain12, Knock and Davison66 
investigation concurred with these finding and ascertained that the AOI influences the 
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stain shape; if the AOI increases (i.e. the angle become closer to a perpendicular impact), 
the stain would be circular rather than elliptical. Adam34 identified the impact of a droplet 
on an angled surface would permit a longitudinal spreading, thus, resulting in the length 
(L) being more substantial than the width (W). Experiments conducted by Balthazard et 
al.12 revealed that W/L ratio could be utilised to calculate an elliptical stain consequently 
stipulating important information on the AOI which is beneficial for the determination of 
AOO12, 21. However, the various BPA literature has indicated that elliptic stains can be 
generated from any relative motion in the drop trajectory that can instigate a non-
sphericity in the stain8, 12, 21, 34. In addition to this, Adam34 was able to ascertain the 
number of spines produced will be diminished as the impact angle is decreased; this is 
conclusive with Knock and Davison66 findings that the decreased impact velocity and 
impact angle are factors affecting the reduction of spines in elliptical stains. The study by 
Knock and Davison66, and Adam34 proposed the inertial and viscous forces control the 
behaviour of a droplet impacting a target surface; these influences result in the 
production of spines.   
 
 
2.2.3.2 The phases of impact  
 
A considerable amount of research has been conducted into comprehending aqueous 
droplet dynamics when impacting surfaces, however, Pizzola et al.19, 20 was the first to 
deduce the fundamental knowledge of blood droplets impacting a target surface. At the 
same time, Gardner8 further expanded on Pizzola et al.19 investigation to understand 
droplet behaviour when impacting various surfaces since researchers have reported 
incorrect information 8, 19. Both Pizzola et al.19 and Gardner8 utilised a high-speed camera 
for the purpose of capturing a singular droplet of blood impacting perpendicular and 
inclined surfaces. However, Gardner8 applied two techniques (stroboscopic photography 
and stop motion video) to capture results for the study. The results from Pizzola et al.19 
research identified that once the droplet came into contact with the target surface, the 
lower area of the droplet commenced deformation and compression. The droplet 
gradually collapses downwards with regards to the target surface; there is a minimal 
alteration in the upper area of the droplet. As the upper area of the droplet continued to 
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collapse with the blood displacing radially, a formation of a circumference occurs. The 
lateral spreading of the blood is counteracted by the surface tension; following the 
collapse, a substantial depression occurs in the centre region of the bloodstain. 
Subsequent the depression, the blood retracts from the circumference and settles. 
 
Gardner8 reported a similar result to Pizzola et al.19 study but classified the result into 
four phases and further elaborated on Pizzola et al.19 research.  
• Phases 1: Contact or Collapse, Gardner8 recognised the impact angle influences 
the characteristics of the circumference; a perpendicular impact would generate 
an equivalent flow of blood into the circumference from all sides.   
• Phase 2: Displacement, Gardner8 identified preponderance of the blood droplet 
would have been displaced to the periphery of the circumference of the 
subsequent stain. The periphery of the circumference would characteristically 
form satellite spatter or spines due to the displacement of blood from the centre 
region of the stain.  
• Phase 3: Dispersion, Gardner8 indicated the inertial forces in blood permits the 
circumferences of the stain to rise upwards. A perpendicular impact and an 
oblique impact would produce different circumference configurations around the 
periphery of the stain; a perpendicular impact would produce a 'blossom' 
conformation, while an inclined impact would generate a wave on one side. The 
possibility of smaller droplets detaching and forming satellite stains is highly 
probably for both impacts.    
• Phase 4: Retraction, in this final phase, Gardner8 suggested the two forces (inertia 
and surface tension) are counteracting one another to permit the stain to settle. 
The thickness of the circumference and depression in the central region is usually 
evident.  
 
In addition to Pizzola et al.19 and Gardner8 findings, the study conducted by Balthazard 
et al.12 reported the fluid is unequally dispersed during the development of a stain, thus 
resulting in a depression in the centre of the stain. Furthermore, it has been identified 
that coagulation could be a factor for retraction to occur due to the surface tension of 
blood12.  
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2.3 Analysing BPA Events 
2.3.1 Methodology 
 
In the past, the forensic discipline has been rigorous scrutinisation in courtrooms 
due to the lack of published information on a concise and functional scientific 
methodology in comparison to other forensic disciplines (i.e., fingerprints, DNA) 4, 69. 
Saviano69 developed a scientific methodology for BPA consisting of eight steps: [1] data 
collection; [2] case review; [3] isolation/description of patterns; [4] formulation of 
hypothesis; [5] testing of hypotheses; [6] formulation of theories; [7] testing of theories; 
and [8] conclusion and results. These steps are systematic, supported on scientific 
principles, and would permit BPA analysts to justify their analyses in criminal proceedings 
69. Gardner4 concurred Saviano69 methodology was beneficial in generating a procedure 
for analysing bloodstained at crime scenes; however, a more practical approach was 
revised by Gardner4 that could be applied in forming a scientific methodology. The 
practical method was also articulated in eights steps: [1] familiarisation of the entire 
scene; [2] identification of discrete patterns; [3] categorisation of these bloodstained 
patterns based on bloodstain pattern taxonomy; [4] evaluation of directionality and 
motion of patterns; [5] evaluation of AOI, AOC, and AOO; [6] evaluation of 
interrelationship between patterns and additional evidence; [7] evaluation of 
bloodshedding source to justify the pattern; and [8] outline the series of events with the 
most appropriate justification4, 8. These steps are valuable in effectively elucidating 
complex questions based on scientific reasoning on how bloodstains were deposited at a 
crime scene 4.  
 
Although, Latham70 recognised that a majority of analysts would usually utilise a 
scientific methodology without realising it. During the investigation of a crime scene, the 
analysts would outline observations, formulate theories, test those theories and 
articulate conclusions based on the tested theories. While the analyst obtains appropriate 
conclusions, they are unable to identify the methodology they utilised. Latham70 
elaborated that the scientific methodology can be applied to any forensic discipline, 
including BPA; however, analysts are required to understand the application of the 
scientific methodology to BPA. The scientific methodology was articulated into five steps: 
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[1] the data is gathered and organised that is specific to the crime scene; [2] analyse data 
to identify specific patterns and trends; [3] formation of the hypothesis is based on the 
analysed data; [4] experimentations are conducted to test the hypothesis in order to 
support or disapprove; and [5] utilising all the information and data, including the 
experimentation results; appropriate conclusions are able to be yielded. In addition to 
this, Latham70  identified that assumptions and alternative hypothesis should be taken 
into consideration in the scientific methodology to evade fallacies since the scientific 
methodology can be flawed; if misapplied, it is possible to yield imprecise results.  
 
Moreover, Gardner4 identified three different environments that BPA analysts 
would apply the practical methodology; these environments are distinguished as active, 
released, and cold case scenes8. The eight steps revised by Gardner4 are able to be 
applied across the three different environments, although, released and cold case scenes 
may pose limitations that could affect the analysis8. Furthermore, Latham71 
acknowledged three forms of reasoning that are fundamental for BPA: deductive, 
inductive, and abductive. Deductive reasoning is founded on prior knowledge, while 
inductive and abductive reasonings are utilised to acquire knowledge8, 71. BPA analysts 
are able to utilise deductive reasoning on bloodstains to comprehend scientific laws and 
theories to support conclusions (i.e., blood droplet trajectories)8, 71. While inductive 
reasoning permits BPA analysts to identify bloodstained patterns based on pattern 
characteristics, observation from previous cases and experimentations to obtain 
conclusive results8, 71, 72. Whereas Abductive reasoning is based on analysing a collection 
of evidential data and determining possible conclusion of how the stain could have been 
deposited8, 71, 72. These forms of reasoning are considered as a part of the scientific 
methodology, in order to answer questions and ensure conclusions or results are based 
on scientific analysis and are unbiased71, 72.   
 
 
2.3.2  BPA Taxonomy and Pattern Formation 
 
The examination of the bloodstain patterns within a crime scene is founded on 
several factors: the distribution, size, number, shape, volume and position of bloodstains 
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are essential for the identification of patterns5, 8. BPA terminology is continuously being 
refined in order to generate a transparent and concise language that scientist can convey 
information. The terminology is derived from two aspects: physical appearance of the 
bloodstain pattern and the mechanism utilised in the creation of the pattern5. 
Furthermore, Bevel and Gardner8 identified six fundamental mechanisms that would 
generate a bloodstain pattern: dispersion through the air; dispersion through force; 
ejection from an object in movement; ejection under pressure; accumulation or 
movement on a surface; and deposition through transference8, 22. SWGSTAIN22 have 
developed and defined a succinct list of recommended terminology for the utilisation in 
BPA22; BPA analysts worldwide would utilise this recommended terminology as a 
guideline for the best practice and reliability in the interpretation of bloodstain patterns5, 
8, 22. However, Arthur et al.7 identified the current SWGSTAIN terminology utilised by 
analysts, defines bloodstain patterns based on their proposed deposition mechanisms, 
instead of pattern characteristics. Therefore, BPA analysts would develop assumptions 
about the source of the pattern prior to an extensive examination of the characteristics of 
the pattern. A recent investigation conducted by Laber et al.73 suggested the BPA 
community should concur on a standard methodology, for the analysis of bloodstain 
patterns with an amended description for classifications on patterns since most of the 
classification is based on the mechanistic description of a pattern. In addition to this, 
Arthur et al.7 research listed additional issues with the utilisation of the SWGSTAIN 
terminology when interpreting patterns, the main issue highlighted is the initiation of 
ambiguity in the examination and classification of patterns; thus, preceding to 
contradictory opinions between different analysts. Furthermore, Laber et al.73 indicated 
that circumstantial information has the prospective to introduce bias into the 
classification process of patterns; the study revealed that neutral scenarios were suitable 
in obtaining accurate pattern classifications of bloodstains.  
 
Gardner8 suggested the construction of the bloodstain taxonomy since a lack of a 
taxonomy system was identified for bloodstains and patterns. According to Gardner8, 74, 
bloodstains are classified into two groups: spatter and non-spatter bloodstains. Spatter 
stains are subcategorised into linear and non-linear, while non-spatter stains are 
subcategorised into irregular margin stains and regular margin stains. The morphology of 
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a bloodstain is able to indicate whether a stain is classified as spatter or non-spatter 
stain74 (Table 2). Bevel and Gardner74 have identified that three primary processes can 
produce non-spatter stains; contact pattern, accumulation of blood, and expulsion of 
large volumes are considered under this category. The morphology of the stain boundary 
in a non-spatter bloodstain is essential in the classification of the subcategories of non-
spatter stains (irregular margin and regular margin)74. Irregular margin stains would 
include contact pattern, accumulation of blood and expulsion of large volumes, while, 
regular margin stains would comprise of accumulation of blood and contact pattern74. 
Bevel and Gardner74 recognised spatter stains are generated when a mass of blood in free 
flight subsequently collapses onto a surface, therefore resulting in a circular or elliptical 
shape. Spatter stains were categorised into two subcategories based on their orientation, 
the orientation the spatter stain exhibited was critical in identifying the group (linear or 
non-linear). Dispersion of blood in a linear orientation would be classified as a linear 
spatter stain (i.e. cast-off), while non-linear spatter stain would exhibit a non-linear 
pattern (i.e. impact pattern)74.  
 
Table 2. Morphology of spatter and non-spatter stains, indicating the difference between 
the two categories8.  
 
In addition to this, Wonder75 classification system utilised two primary categories 
(spatter and non-spatter). The spatter stains are subclassified into impact, cast-off and 
arterial, while non-spatter stains are subclassified into transfer, physically altered 
bloodstains, and volume. Wonder75 classification system recognised bloodstains could be 
Morphology of spatter and non-spatter stains 
Spatter Stain Non-Spatter stain 
Regular shape, with apparent 
elliptical or circular components 
Irregular shape, with no apparent ellipse or circular 
component 
Satellite or secondary spatter Regular margin – no disruption in the stain boundary 
Scallop Irregular margin – disruption in the stain boundary 
producing striation, feathering or spines 
Tail or Spine   
 27 
categorised based on their evident physical appearances and that intricate patterns 
would compose both of spatter and non-spatter groups. Whereas, James et al.5 taxonomy 
system utilised three primary categories (gravity, spatter, and altered) with no 
subclassifications. The classification system did not define a feasible criterion or failed to 
articulate a criterion for bloodstains5. Furthermore, Bevel and Gardner8 refined their 
classification system, still utilising the two primary categories (spatter and non-spatter), 
the spatter stains have no subclassifications, while the non-spatter stains are subclassified 
into miscellaneous, contact, and gravity. Bevel and Gardner8 developed this novel 
classification system based on the mechanistic nature of bloodstains and patterns; this 
system comprised of all the main patterns types and atypical patterns (for instance, 
insect). This taxonomic system is the most functional classification system utilised 
currently in BPA8 (Figure 2). The most imperative pattern classification in the taxonomic 
system would be the impact spatter; impact patterns are predominantly utilised in the 
reconstruction of blood source location5, 8.   
 
 
Figure 2. The bloodstain taxonomy with the two categories (Spatter and Non-Spatter). 
Spatter stains have no subclassification, but non-spatter stains have three 
subclassifications (Misc., Gravity, and Contact). Under each category are the different 




2.4 Reconstruction of Impact Patterns 
2.4.1 Selection of Bloodstains 
 
The selection of bloodstains from an impact pattern is vital for the reliability of a 
three-dimensional blood source estimation76. A study conducted by de Bruin et al.18 
reported recommendations for the selection of bloodstains while utilising the HemoSpatâ 
and BackTrackä software; it was suggested to select bloodstains with a width >1.5mm, a 
distinct elliptical shape, and stains close to the presume blood source position. Hakim and 
Liscios’27 research stated suggestions for stains while utilising the FARO Scene software 
with the Focus3D laser scanner; it was recommended to select bloodstains with a distinct 
elliptical shape from several positions on the impact site instead of small areas or 
clusters.  
 
 Although Raymond’s25 study did elucidate that stains in close proximity to the 
blood source and more than 8mm in length were considered as unreliable stains for 
forensic measurements due to the droplet oscillation; the researcher suggests selecting 
stains 1m from the blood source and stains less than 8mm in length would be deemed 
reliable. However, Raymond25 identified larger elliptical stains can be utilised to 
comprehend directionality of a two-dimensional area but should not be utilised for height 
estimations. In elliptical stains, two factors can identify directionality of the stain; the long 
axis of the stain and the appearance of scallops, satellites, and tails in the stain8. The 
importance of ascertaining directionality of spatter stains is critical in detecting AOC and 
AOO8.  
 
An investigation conducted by Reynolds et al.26 revealed utilising stains with an 
AOI between 10o–20o would be the most accurate with ± 1o degree of error; it was further 
identified stain size with an AOI between 20o–30o could be utilised, but the degree of 
error would result in  ± 3o, it was suggested AOI over 30o should not be utilised. In Carter24 
research, it was recognised that the angles alpha (a) and gamma (γ) were important in 
comprehending the impacting blood droplet and resulting stain, respectively. The 
directionality angle (i.e. γ) of stains can range anywhere between 0o to 360o; the stains 
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selected in Carter24 study had appropriate AOI (a) and was between 300o to 60o (γ), the 
directionality angle (γ) characterise stains on the ’10 to 2’ clock face quadrant. 
 
Apart from the fundamental selection criteria, there has been a series of studies 
conducted by Illes et.al 76-78 on zone stain selection model; the model is found to be 
appropriate for calculating accurate AOO estimates76, 78. The theoretical model 
demonstrated every bloodstain from an impact pattern were considered in the analysis, 
excluding downwards stains (i.e. stains affected by air resistant and gravity), even circular 
upward directional stains were considered76, 78. The purpose of the investigation was to 
develop a model that would utilise a wide range of bloodstains rather than selecting a 
limited number of stains. However, the researcher concluded that the theoretical model 
for stain selection could be inapplicable in crime scenes since BPA analysts would need to 
have information on the known AOO within an impact pattern76-78. The scientific 
information the model provides on stain selection is robust; therefore, the theoretical 
model can be utilised as a training implement for developing the necessary skills required 
for BPA analyst76-78. 
 
 
2.4.2 Angle of Impact (AOI) and Calculations 
 
The AOI can be determined for any bloodstains, the most possible impact angle 
for a stain would be 90o, and this AOI is defined as a droplet falling onto a target surface 
perpendicularly. Stains produced by a 90o impact angle will display equivalent width and 
length5, 79, 80. In accordance with the selection criteria for bloodstains of an impact 
spatter, elliptical stains are predominantly utilised for the determination of AOI5, 8, 79.  
 
The dimensions for bloodstains can be ascertained through two measurement 
techniques: manual and digital. Manual measurements of stains can be accomplished by 
determining the widest point of the stain width, subsequently utilising the centre of the 
widest point to the leading edge then doubling the measurement to determine the 
overall length of the stain (Figure 3)5, 8. BPA analysts would frequently utilise 
measurement devices, though the devices may vary amongst analyst; a few may prefer a 
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loupe with an integrated scale, while others would prefer callipers to measure stains5, 8. 
The current methodology for manually measuring stains is recognised to be relatively 
inaccurate8, 81, previous studies have concluded the manual measurement of a stain width 
can be dependable25, 81, however, determination of the stain length has proven to be 
inaccurate5, 12, 25, 81, therefore, stain selection is limited25. 
 
Figure 3. A bloodstain 
presenting the manual 
measurements to 





Digital measurements have been validated as being accurate and precise24, 83, in 
several studies18, 83, 84 it has been identified as an innovative alternative to the 
contemporary manual methodology. The determining of ellipticity markers on digital 
software is vastly susceptible to human perception, inconsistency, and inaccuracy. A 
study conducted by Hakim and Liscio 27 decided to utilise the current manual 
measurement technique of bloodstains on the FARO Scene software, as a result to 
diminish inaccuracy and perception, thus increasing the accuracy and reproducibility for 
AOO determinations. Additionally, the accuracy of two computer programmes were 
investigated by de Bruin et al.18,  one of the primary purposes was to examine the 
features of stains through the BackTrackä and HemoSpatâ software, the examination 
determined that the software had the capability to permit accuracy and precision of stain 
measurements18. Reynolds and Raymond84 concurred with de Bruin et al.18 findings. 
However, the researchers recognised that most BPA analysts would have inaccessibility to 
the software and appropriate training to commence virtual reconstructive analyse of a 
bloodletting event84. The study evaluated the efficacy and applicability of the Microsoftâ 
Office Excel 2003 AutoShape software for the accuracy and precision of stain 
measurements. The results indicated the utilisation of the ellipse function (Figure 4) in 
the Microsoftâ Office Excel 2003 AutoShape software generated a more precise and 
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accurate estimate for the stain impact angle in comparison to the current manual 
measuring technique83, 84. In a bloodshedding event, technical photographs of bloodstains 
would be imported individually into the Microsoftâ Office Excel 2003 AutoShape 











Figure 4. A technical photograph of a bloodstain imported into Microsoftâ Office Excel 
2003 AutoShape software. The axis line (blue) travels through the middle of the stain, 
while the horizontal and vertical lines (red) are inserted to identify the width and widest 
point of the width in the stain, respectively. An ellipse (yellow) is formed to manipulate the 
precise measurements utilising the horizontal and vertical lines83, 84.  
 
Makovicky et al.85 identified the utilisation of a trigonometry-based line model to 
calculate AOI; the study concluded the model is functional for the determination of 
impact angles of stains. An investigation conducted by Connolly et al.86 utilised the basic 
trigonometry model to distinguish features for virtual stains; consequently, the model 
simulated the methodology conventionally utilised for impact pattern analysis. Most of 
the BPA literature indicates the operation of a right-angled triangle and the applicability 
for bloodstain calculations5, 8, 85 (Figure 5). At position b, the blood droplet would impact 
the target surface; the essential information is the impact angle which is represented by i. 
The angle at corner c is represented by 0; therefore, angle 0 can be utilised as a 
substitution for angle i. The trigonometry model can only be appropriate if several 
postulations were accepted, for instance; trajectory variation is insignificant, the 
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properties of target surfaces are irrelevant, coalesce, or fragmentation of droplet does 
not occur in flight, and blood droplet in flight is spherical in shape8. 
 
While the blood droplet impacts the target surface, an elliptical stain is formed, 
the length of the stain can be deemed as line b – c (hypotenuse) and the width of the 
stain can be deemed as line a – b (opposite)8, 85. After the width and length dimensions 
are obtained, the following fundamental trigonometric formulae (Equation 1) can be 
utilised to determine the impact angle of the stain5, 8, 27, 79, 85, 87, 88. 
Equation 1. The Angle of Impact (AOI) equation5, 8 
a = sin-1 !"#$%&'()$%
 
 
Figure 5. A droplet impacting a target 
surface, illustrating the relationship 
between a – b(width/opposite), b – 
c(length/hypotenuse), and i and 0 




2.4.3 Area of Convergence (AOC) 
 
The intersections of several elliptical stains are indicated as the AOC, which 
commonly occur on the horizontal plane89 (Figure 6). Several studies27, 87, 89, 90 have 
identified that the determined AOC is on the same horizontal plane as the blood spatter; 
however, Attinger et al.90 identified in their research that other analysts have ascertained 
that AOC transpires on a different plane as the spatter pattern, which could be of any 






Figure 6. The intersection of 
several bloodstains from a 
single impact pattern is 
identified as the Two-
dimensional area of 





There are different methodologies for the determination of AOC; stringline and 
computer-assisted methods. Subsequent to the selection of several bloodstains from all 
areas (predominantly the '10 to 2' clock face quadrant) of the impact spatter8, James et 
al.5 suggested the stringline method is able to reveal the approximate flight path that 
each droplet travelled prior to impact. The stringing of several bloodstains would 
intersect in an area associating to the locality of the blood source within the crime scene, 
this is identified as the AOC; the two-dimensional location is able to display the source 
location in a given room or area5. Additionally, Hakim and Liscio27 determined that the 
stringing method is able to detect the convergence of the bloodstains to determine AOC; 
however, the technique is invasive and requires attaching strings to the crime scene 
surface. A non-invasive substitute to the stringing method is the virtual stringline 
methods such as BackTrackä, HemoSpatâ and FARO scene which is comparable to the 
conventional method27. While in Carter24 study, the computer software BackTrackä was 
utilised to verify that the virtual strings will converge onto a region in space that 
comprises of the source locality rather than a specific point. The research further 
identified the AOC is guided by stains on the walls that are unreliable due to the 
significant unknown curvature of the stains flight paths24 since most computer software 
postulates the flight trajectory as a straight line rather than curvature27; for this reason, 
most stains are displaced from the actual location on the wall, this is dependable on the 
curvature of each flight path24.   
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A study conducted by Carter and Podworny87 reported the possibility of 
determining convergence points without the utilisation of the stringing method, with the 
utilisation of trigonometric equations for the capability of solving this matter. However, 
only with the utilisation of two stains, the equation is able to correlate stains with viable 
convergence points. Although the methodology is a rapid technique that utilises a 
minimum of two stains, the reliability and accuracy of this method is very limited since 
several researchers5, 8 have identified the selection of multiple stains reduces the 
possibility of coincidental AOC. Conversely, Camana89 research examined the AOC from a 
probabilistic approach; the researcher considered AOC as a geometrical matter that 
requires drawing lines and recognising an intersection, however, it was recognised that 
two main issues intricate AOC. Primarily, there is a lack of a mathematically sufficient 
definition regarding the shape and dimensions for AOC, and it is somewhat arbitrary with 
no mathematical or geometrical consideration89. The additional issue is the ambiguities 
on bloodstain intersections; not all stains intersect at a single reference point rather than 
a probable area of intersection. The researcher ascertained a methodology that can 
define and identify the AOC through a statistical approach, utilising the impact angle of 
stains to generate a probability map of intersections89. A computational approach was 
attained in Camana89 investigation; the method was able to detect AOC from evident 
intersections of stains, determining the probability of the intersection occurrence. In 
addition to this, Attinger et al.90 utilised Camana89 probabilistic approach to obtain the 
AOC in order to determine the AOO.  
 
 
2.4.4 Area of Origin (AOO) 
 
The three-dimensional space is articulated through numerous intersections of two 
vertical (X and Y coordinates) and one horizontal plane (Z coordinate) (Figure 7)8, 90. 
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Figure 7. The representation of the 
X and Y coordinates on the vertical 
plane and Z coordinate on the 
horizontal plane, displaying the 








 2.4.4.1 Methodologies for Area of Origin (AOO) determination 
 
There are four fundamental methodologies for the determination of AOO: 
graphical, string line, tangent, and computer assisted5, 8. The graphical methodology is 
seldom utilised in the determination of AOO since BPA analysts are required to graph the 
spatial locality of the blood source8, the technique has limitations that influence the AOO 
determination; the graphical method is able to determine a mutual AOC that all stains 
share, however, with the inclusion of impact angles the methodology is able to identify 
two separate impact events8, this type of error is the reason the methodology is rarely 
utilised in the field of BPA. 
 
The stringline and tangent methods are fundamental in the reconstruction of BPA 
crime scenes, given that most analysts would have inaccessibility to computer software to 
commence reconstruction of bloodletting crime scenes18. The tangent method utilises 
equation 2, where the tangent of the AOI (B) is multiplied by the distance between the 
leading edge of the bloodstain to the AOC (C) to ascertain the distance of the blood 







Figure 8. Diagrammatic 
representation of the tangent 
method. A represents the Area of 
Convergence (AOC), B represents 
the Angle of Impact (AOI), C 
represents the distance between 
the leading edge of the bloodstain 
to the AOC, and D represents the 






Equation 2. Tangent method equation using Figure 85, 8, 91. 
Tan of B x C = D 
 
 Reynolds et al.26 conducted a two-part study that utilised both the tangent and 
stringline method to determine AOO; the first part examined AOI calculations with small 
bloodstains (≤3mm long) and the second part investigated bloodstains of small impact 
patterns and their correlation with the AOI calculation to establish the AOO of the blood 
source. Small and large bloodstains were obtained for the AOO determination, in which 
Reynolds et al.26 reported that the use of stains ≤3mm in length for the AOO 
determination must be utilised with caution since the AOI of small stains can be 
overestimated generating deviation of the x-coordinate. It has been identified through 
Carter24 research that the utilisation of the convergence pattern for locating the Y and Z 
coordinates of the blood source through the tangent method should be avoided due to 
the possible error that will be unknown to the analyst. However, in Carter et al.17 
comparative study, the results indicated the tangent method was similar to and in some 
cases more effective than the computer software BackTrackä. In addition to this, the 
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tangent methodology has been substantiated as advantageous for outdoor crime scenes 
since the string line method can be ineffective and challenging in the attachment of 
strings due to the physical environment92.   
 
Computer-assisted methods are very advantageous for the reconstruction of BPA events, 
the utilisation of virtual strings is non-invasive to the crime scene and would produce 
precision and accuracy in the reconstruction of AOO determination5, 8, 27. A computer 
software FARO Scene software was utilised to ascertain the accuracy and reproducibility 
of AOO determinations of impact patterns27. Since there have been several published 
scientific validations for HemoSpatâ and BackTrackä unlike FARO Scene software, the 
suggestions made by de Bruin et al.18 and Illes et al.76 were taken into consideration 
during Hakim and Liscio 27 study. A similar methodology to de Bruin et al.18 investigation, 
however, Hakim and Liscio 27 utilised a FARO Focus3D laser to scan the impact sites which 
captured the selected stains for analysis, the AOO determination was computed through 
the FARO Scene Forensic Module. The results reported the height (z coordinate) has the 
most significant deviation, and most computer software assume the trajectory is a 
straight line rather than a parabolic arc, disregarding the effects of gravity and air 
resistance27. Furthermore, Lann et al.23 acknowledged most of the methodology 
postulates that droplet trajectories are straight line instead of curvature, disregarding 
gravity and air resistance, due to this postulation an overestimation of height occurs in 
the determination of AOO.   
 
Carter et al.17 and Maloney et al.93 conducted a similar study to Hakim and Liscio 27 
research but utilised the BackTrackä and HemoSpatâ software, respectively. The Z-
displacements and X-displacements in Hakim and Liscio27 study had a more significant 
deviation in comparison to the values stated in Carter et al.17 and Maloney et al.93 studies. 
The impact pattern generated in Carter et al.17 and Maloney et al.93 studies were in close 
proximity to the target surface in comparison to Hakim and Liscio27 investigation; 
therefore, Carter et al.17 and Maloney et al.93 studies had smaller Z and X displacement 
values in comparison to Hakim and Liscio27 research. However, the Y-displacements in 
Hakim and Liscio 27 had a smaller deviation in contrast to values stated in Carter et al.17 
and Maloney et al.93 studies. It was postulated by Hakim and Liscio27 the accuracy of the 
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Y-displacements is based on the impact patterns generated in their investigation had a 
greater dispersion of the stains; therefore, stains selected in Hakim and Liscio27 study had 
various regions for selections rather than small clusters. Previous research has indicated a 
smaller deviation of the Z-, X-, and Y- coordinates can decide reproducibility, Hakim and 
Liscio27 determined that if the distance of the impact pattern is furthest away from the 
target surface, the reproducibility decreases. 
 
 
2.4.4.2 Errors in the Area of Origin (AOO) determination 
 
The determination of the AOO is based on several assumptions: the selection of 
appropriate stains within an impact pattern, the convergence of the selected stains to 
generate the two-dimensional area, and ultimately the superimposing of the third 
dimension with the calculated AOI8, 94. There is an association between stain morphology 
factors (i.e. ellipticity, directionality) and AOO5, 8, the combination of several stain 
parameters can ascertain the final AOO determination94. The AOO is valuable for the 
reconstruction of bloodshed events. Unfortunately, errors do occur in the determination 
of AOO; there have been several studies86, 94, 95 determining the influence that errors have 
on the AOO determination. One of the inaccuracies being the constant overestimation of 
the Z-coordinate since it is challenging to incorporate projectile motion into the AOO 
determination94; as a result, the BPA community has suggested that the Z-coordinate be 
reported as the maximum height27. However, Behrooz et al.94 determined that a certain 
degree of AOO error could be associated with the displacement and disintegration of 
droplets upon impact94. The objective of the study 94 was to investigate inaccuracies 
associated with the AOO determination. The experimental results indicated that the Z-
coordinate for the impact pattern presented an overestimation with an average of 50% 
while utilising the lowest z-coordinates within the impact pattern the results presented 
an error rate of 8%94. The projectile motion was incorporated into the z-coordinate 
calculations; this resulted in an underestimation of the z-coordination by 28%94. The XY-
coordinates were discovered to be very accurate; however, the size of the AOO was 
found to be larger than anticipated94. Subsequently, the researchers94 conducted a 
reverse triangulation analysis to disclose that stains measurements were not the only 
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attribute to the measurement error, it was suggested a proportion of the error was 
fundamental in the displacement and disintegration process. 
An analytical methodology published by Liesegang96 and Rowe95 recognised 
inaccuracies could transpire in the AOO determination; these errors are influenced by the 
calculated impact angle of a stain. In addition to this, Connolly et al.86 investigation 
revealed that the ambiguity in the AOO determination is based on the variation of impact 
angles of elliptical bloodstains, information regarding an acceptable uncertainty for the 
AOO is vital, as variations are reliant on the circumstance of the event. A study conducted 
by Willies et al.97 revealed that if there were uncertainties in the width and length 
measurements; this would affect the AOI, therefore generating uncertainty in the AOO 
determination. Rowe95 identified appropriate stain selection and measurements limit the 
variance presented for the AOO determination. The BPA literature lack any suggestions of 
an acceptable uncertainty range, the purpose of Connolly et al.86 study is to examine the 
influence of the impact angles on the estimated AOO of an impact pattern with the 
utilisation of directional analysis. A virtual model of an impact pattern was developed and 
utilised to determine the variation of the impact angles of stains and the validity of the 
model against factual impact patterns86. The results obtained by Connolly et al.86  virtual 
model indicated that the size of the AOO influences the accuracy that is essential for the 
impact angle estimations if the size of the factual AOO has increased, more substantial 
errors in the estimation can be accepted. In addition to this, an impact angle with an 
inaccuracy of ±5o can generate substantial variance between the factual and projected 
AOO; however, this occurrence would only transpire if all stains have an impact angle 
error of ≥5o86. The study results further indicate through the utilisation of the factual 
impact pattern that the impact angle error range for stains is approximately 0o-12o within 
a single impact pattern, the inaccuracies of impact angles would only occur for a few 
stains86. The factual impact pattern validates the virtual model as a reasonable indicator 





2.5 Reusable surface 
 
The interior surface of professional and educational facilities is still currently utilising 
the application of paper for the reconstruction of BPA events30, 31. Facilities would line the 
wall interior with paper prior to blood shedding experimentations since the paper surface 
can be replaced, however, lining the interior surface with paper can be very tedious and 
wasting of resources31. There is a limited amount of literature pertaining to a reusable 
surface that can be utilised for educational and professional purposes33, discovering a 
reusable surface that will permit BPA analysts and students to practice their BPA 
reconstructive techniques, without requiring additional time for preparation and cleaning 
up of interior surfaces will be advantageous. 
 
 
2.5.1 Painted surfaces for BPA 
2.5.1.1 Current research 
 
Adam33 performed experimentations on a variety of different painted surfaces; 
matt, vinyl and gloss to determine the effects it had on bloodstain formation, and 
identified that the substrate characteristics, such as surface roughness, porosity, 
wettability, and elasticity could hinder the interpretation of bloodstain. The study results 
indicated for the perpendicular impact that both gloss and vinyl silk surfaces were 
suitable models for spreading of stains at any impact velocity, however, the matt surface 
produced an unsatisfactory result over the entire velocity range33. The stains produced on 
the matt surface encourages spines and splash to transpire on the perimeter of the stain; 
the surface roughness and the associated energy would generate these features33, 34.  
 
For non-perpendicular impact, spreading of the gloss and vinyl silk painted 
surfaces presented indistinguishable dimensions of the stain width and length, while matt 
paint indicated spreading along the stain width and length33. The width and length 
dimensions of the matt paint were less than those detected for the gloss and vinyl silk 
surfaces, predominately at high impact velocities33. There were significant spines and 
splash distinguishable on the matt surface in comparison to the gloss and vinyl silk 
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surface; surface roughness is still a factor for non-perpendicular impact. Following the 
interpretation of stain spreading, the impact angles were calculated for all elliptical stains 
on the three surfaces (gloss, vinyl silk, and matt) and the data were compared, in addition 
to this, similar data on a paper substrate was included for comparison33. The impact 
angles range between 20o to 80o; there were slight variations in the results; however, 
non-porous substrates (gloss and vinyl silk) presented lower discrepancies in comparison 
to both matt and paper33. The researcher suggested the inconsistencies in the impact 
angle for all surfaces, might be influenced by the impact velocity and the surface’s 
characteristics33.  
 
Even though Adam33 has conducted an innovated study on understanding the 
effects bloodstains have on various painted surfaces, the study failed to investigate the 
influence, and reliability bloodstain patterns had on the substrate. A study was conducted 
by Taylor et al.32 on a variety of substrate and its influence on pattern classifications; 
several experienced BPA analysts examined numerous spatter stains on three non-
absorbent substrate types (paint, wallpaper and chipboard). The results indicated that 
analysts were able to correctly classify patterns on the painted surface in comparison to 
wallpaper and chipboard, the visualisation of stains on the wallpaper or chipboard 
substrate would have been more challenging to classify due to the surface roughness32. 
Although Taylor et al.32 and Adam33 research were useful in examining impact patterns 
and bloodstains, respectively on various surfaces including painted surfaces, however, 
both of the studies did not examine the main reconstructive techniques of BPA events; 
the location of the blood source, creating difficulty on commenting on the applicability of 
utilising the painted surface as a reusable surface. It was briefly investigated by Adams33, 
the influence that impact velocity and the surfaces characteristics had on the impact 
angles of elliptical stains, but no further investigations were conducted. 
 
In order to determine a reusable surface for reconstructive methods of BPA 
events, cleaning of bloodstains on the surface must be effective. There is a lack of 
research available in respect to this aspect; in addition to this, the current research 
available does not discuss an operational method of cleaning bloodstained surfaces or 
determining a surface that can be effectively cleaned, the literature mostly determines if 
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2.5.1.2 Wettability of blood 
 
There has been previous research concerning the effects that different surfaces 
have on the wetting and spreading of human blood33. Adam33 suggested it through the 
analysis of previous literature that wettability and surface roughness are relevant for 
interpreting the spreading of bloodstains; however, the study did not examine these two 
factors. Ahmed et al.101 investigated into the wetting and spreading of blood on porous 
substrates. The researchers presented complete and partial wetting cases detailing the 
different stages each case would encounter; the complete wetting of a porous substrate 
is governed through two stages, while three stages govern the partial wetting of a porous 
substrate101.   
 
When blood comes into contact with a surface, two main interactions occur: 
wetting and evaporation. It was examined by Brutin et al.102 the influence substrate 
wettability, and evaporation dynamic had on blood droplets, the researcher utilised glass, 
aluminium, and gold as substrates to determine the desiccating of blood droplet since the 
substrate wettability influences the evaporation time. Aluminium had the most prolonged 
evaporation time in comparison to the other two substrates; additionally, the desiccation 
of blood on glass would predominately occur at the periphery of the droplet, whereas the 
other two substrates would have uniform desiccation around the droplet surface102. 
Milionis et al.103 conducted a similar study to Brutin et al.102, the study103 investigated the 
influence wetting of blood and other fluids on various substrates (aluminium, 
polystyrene, polytetrafluorethylene) that were considered rough and smooth. The 
researcher was able to determine the wettability of blood on the various surfaces; the 
results indicated that blood was found to have high wettability with the least 
hydrophobic surfaces compared to other fluids; the coagulation factors and the interface 
of the solid constituents may influence the wettability103. Although there is a variety of 
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research concerning the wettability and spreading of blood on various substrates, there is 
a lack of research on the wettability of blood on painted surfaces. 
 
 
2.5.2 Paint background 
 
Paint is composed of different components that combined to produce a particular 
product with its unique properties: stability, application characteristics, disposal, and 
product performance104. The main components of paint are resin (binder), pigments, 
solvent, and additives104-106. In addition to this, Lambourne and Strivens106 indicated 
extenders are also included in the composition of Paint, but not every single component 
will be present in paint. For instance, extenders will not be present in gloss paints but are 
likely to be present in matt paints 106. Since there is a variety of paints utilised for 
different purposes, research into household paints is essential given that it is generally 
found at domestic crime scenes33. The composition of paint could influence the 
application and drying time, architectural paints (for instance, household or decorative) 
are required to be applied in situ at room temperature and the drying time for these 
types of paints will be based on either of the two mechanisms: atmospheric oxidation or 
evaporation of diluent106. 
 
In order for paint to adhere to the surface, the paint is required to wet the 
surface, displacing factors such as air and other absorbed materials106. The difficulty of 
wetting a smooth surface can be numerically measured as the critical surface tension, 
paints that are capable of wetting the surface will have a surface tension ≤ to the critical 
surface tension of the surface105. For example, if the critical surface tension is low (i.e. 
plastics), this will limit the variety of paints that can be utilised105. The application of paint 
to an uncleaned surface will influence the adhesion of the paint to the surface, leading to 
issues in wettability 105, 106. Cleaning the surface prior to paint application is 
recommended since it is able to eradicate material that imposes difficulty in wetting or 
poor cohesion105.  
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The classification of paint is based on their formulation and utilisation; the task or 
physical type can classify the product. Primers, sealers, surfacers and topcoats are 
classified as paint by task, while waterborne coating, high-solid coating, and powder 
coating are classified as paint by physical type104. When examining the final layer of a 
painted surface, the topcoat is very significant as it provides the essential appearance and 
improves the performance104, 106. A study by Al-Turaif et al.107 applied topcoat paint onto 
various substrates to determine the intercoat adhesion and gloss uniformity, these 
factors can affect the surface chemistry and absorbency of paint. One of the main study 
results indicated that absorbent substrates provide low gloss reading in comparisons to 
non-absorbent substrates107.  
 
One of the crucial factors of the topcoat is the gloss; it is classified in accordance 
with the quantity of specular reflection the paint exhibits106. Lambourne and Strivens106 
categorise gloss into full gloss, semi-gloss, eggshell, and matt. A glossmeter is able to 
determine specular reflection of a surface, the most suitable measurement angles for the 
apparatus would be at an incident angle of 20o, 60o, or 85o, the angles are utilised 
according to the level of gloss and the purpose for the measurement 104, 106.   
 
 
Table 3. The Australian/New Zealand Standard108 for glossary of paint and painting terms 
classified the topcoat into five categories, and each category has a specular gloss unit 
reading at an incident angle of 60o. 
Classification of topcoats 
Topcoat categories Specular unit reading at an incident angle of 60o 
Full gloss Exceeding 85 gloss unit 
Gloss Exceeding 50 gloss unit but does not exceed 85 gloss units 
Semi-gloss Exceeding 20 gloss units but does not exceed 50 gloss units 
Low gloss Exceeding 5 gloss units but does not exceed 20 gloss units 




2.5.3 Instrumentation for paint classification 
 
The analysis of paint can be achieved through various analytical techniques; 
Microscopic examination, Microspectrophotometry (MSP), Pyrolysis Gas 
Chromatography/Mass Spectrometry (Py-GC/MS), Raman Spectroscopy, Fourier 
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy/Energy-Dispersive 
X-ray Analysis (SEM/EDX), and  X-ray diffraction (XRD)109, 110. Microscopic examinations 
are essential for the forensic analysis of paint fragments; the apparatuses are able to 
determine the thickness, number and colour sequence of layers, identification of textures 
along with fundamental pigment and extender mixtures109. The utilisation of polarised 
light microscopy is essential for the examination of paint; it is one of the best techniques 
for the discrimination between paints of similar colours based on the detection of 
pigments and extenders111. MSP is able to obtain a colour measurement from microscopic 
particles of paint109. The purpose of the apparatus is to mainly compare samples, provide 
an objective measurement of the sample colour, and the possibility of distinguishing 
between optically identical sample; however, pigmentation identification is rather 
difficult since most paints are a combination of several pigments and due to the layers in 
paint, differentiation of colour would be difficult110, 112. Although, Py-GC/MS can provide 
information on the characterisation of monomers in the binder system, and the 
identification of additives and pigments can be achieved, provided a suitable reference 
database, and MS spectra are available110. The technique is very valuable and informative 
for the investigation of paint samples, Zieba-Palus et al.113 reported the utilisation of Py-
GC/MS was a useful forensic examination tool for the analysis of automotive paint trace, 
the technique was able to differentiate indistinguishable binder polymers (i.e. identical IR 
spectra). Py-GC/MS is capable of detecting and comparing minor components; however, 
the analysis is destructive and time-consuming109, 110. 
 
The purpose of Raman spectroscopy is to provide information on the organic and 
inorganic pigments, including some extenders discovered in paint samples, provided a 
suitable reference database is available110. Buzzini et al.114 stated the Raman 
spectroscopy is the only spectroscopic apparatus that is capable of conducting chemical 
analysis of microscopic particles of paint without interference; furthermore, the 
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technique is non-destructive permitting the sample to be utilised for additional 
examinations. While, FTIR is widely utilised to detect the main components and the 
binder type, including organic and inorganic pigments and extenders; the technique 
provides the structural information of compounds, in which determination is based on 
the presence and orientation of the functional groups in compounds114, 115. Components 
with identical molecular formula but with different functional group orientation would 
generate an identical GC-MS spectrum; however, the FTIR spectrum would be 
different109. Zieba-Palus and Borusiewicz116 conducted the examination of multilayer 
paint coats utilising a variety of tools; the study determines the application of FTIR 
demonstrated to be a quality forensic identification tool for multilayer paints, the sample 
can be analysed without the separation into single layers reason the method is non-
destructive, an essential aspect in criminalistics116. 
 
The main objective of SEM/EDX is the utilisation for qualitative and semi 
qualitative comparison purposes, the apparatus can provide an indirect identification of 
inorganic components through the detection of elements present in paint110. The 
technique is a non-destructive analysis that can be performed on various sizes with single 
or multiple layers of paint fragments; the apparatus has the ability to detect an extensive 
range of elements and even identify low quantities of elements. In addition to this, the 
identification of elements can be utilised to interpret the extenders, inorganic and organic 
pigments present in the paint fragments. However, conclusive pigment identification is 
unattainable with the SEM/EDX since it is not a structural clarification technique109. XRD 
has the capability of analysing the crystalline structure of the material instead of the 
elemental constituent; the identification of inorganic components is definitive with this 
methodology. The prominent purpose of XRD for forensic paint examination is the 
discrimination between the two distinctive titanium dioxides109. A study conducted by De 
Nolf and Janssens117 revealed that determination of the paint crystalline structure could 
be conducted without sectioning the multiple layers of the paint fragments, XRD was able 
to ascertain each layer and the pertained crystal phases. Most of the current literature on 
forensic paint analysis is based on the examination of automotive paints; however, a 
study on the forensic analysis of domestic paints was conducted by Bell et al.118, the study 
discovered most architectural paints are generally encountered as forensic evidence at a 
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crime scene. Unlike automotive paints, domestic paints are challenging to discriminate 
based on colour alone; the study utilised both the Raman spectroscopy and FTIR to 
discriminate domestic paints. However, the Raman was able to increase discrimination of 
samples at a higher throughput in comparison to FTIR118. 
 
 
3. EXPERIMENTAL AIMS AND OBJECTIVES 
 
This novel research will assess a variety of reusable surfaces that can be utilised for 
practising reconstructive techniques of BPA events for both education and professional 
purposes without adversely influencing the determination of the spatter events. 
Currently, there is a limited literature on appropriate surfaces than can be utilised for 
reconstruction of crime scenes; furthermore, most of the available literature pertaining to 
painted surfaces lack the determination of AOO. From an educational perspective, there 
is limited information regarding whether surfaces can be effectively cleaned following the 
determination of AOO, without potentially staining the reusable surface. Therefore, this 
study aims to identify and evaluate reusable surfaces for crime scene reconstruction of 
BPA events by achieving the subsequent objectives: 
 
• Compare a range of potential reusable surface(s) for crime scene 
reconstruction of BPA events. 
 
• Analysing the chemical composition and physical nature of the surfaces and 
assessing whether the surfaces influence may alter the determination of AOO. 
 
• Assessing the suitability of the surfaces by using a blind trial study of a range of 
impact sites at various heights and distances, and statistically determining 
their impact on the determination of AOO.  
 
• Support the BPA knowledge base on the effects of painted surfaces on AOO 
determination at crime scenes. 
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4. CONCLUSION 
The reconstruction of impact patterns is imperative for determining the two-
dimensional and three-dimensional representation of the blood source location in crime 
scenes. The information is able to corroborate or refute statements in criminal 
investigations. From the examined literature, properties of blood were identified to 
influence the formation, trajectories, and impact of blood droplets. The research has 
accentuated some fundamental correlations between the disciplines of FD and BPA; the 
fundamental knowledge of the two disciplines enables BPA analysts to understand the 
various mechanisms that would generate bloodstains and bloodstain patterns. There is no 
standard scientific methodology, most BPA analysts would follow a similar methodical 
procedure when analysing bloodshedding events. The examination and interpretations of 
bloodstains and bloodstain patterns permit BPA analyst to classify stains and patterns 
into broad categories utilising the BPA taxonomic system and recommended SWGSTAIN 
terminology. An essential pattern classification would be the impact spatter; this pattern 
is mainly utilised in the reconstruction of blood source locality. The reconstructive 
techniques involved in the examination and interpretation of impact patterns are the 
selection of bloodstains and the determination of the AOI, AOC, and AOO. The AOO is the 
most crucial aspect of the procedure as it ascertains the spatial representation of the 
blood source in the crime scene. BPA analysts and students practice reconstructive 
techniques to advance their proficiencies and to comprehend the sequence of events that 
have transpired at the bloodshed incident. Currently, the application of paper to cover 
the interior walls of professional and educational facilities is still being utilised since a 
validated reusable novel application is presently unavailable. Due to the limited research 
available on reusable surfaces for the reconstruction of BPA events, the current study will 
examine various surfaces to determine a feasible surface for the practising of 
reconstructive techniques of bloodshed incidents without influencing the determination 
of the spatter events. This research has the potential to conserve time and resources 
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In crimes containing various bloodstains, Bloodstain Pattern Analysis (BPA) is often 
utilised to understand the sequence of events that have occurred during bloodshed. The 
examination and interpretation of bloodstain patterns are essential, because they provide 
valuable information regarding the blood source location at the crime scene. The 
practising of reconstructive techniques on impact patterns is imperative in improving the 
skills of BPA analysts and students. At present, BPA training facilities would line the 
interior surfaces with paper for the practising of reconstructive techniques. A reusable 
surface would aid BPA analysts and students in practising reconstructive techniques on 
BPA events without requiring additional preparation; this would be advantageous to the 
BPA community. This study had two objectives to be examined; firstly, the evaluation of a 
range of reusable surfaces that could be utilised for practising Area of Origin (AOO) 
determination of impact patterns; the quality and performance of the reusable surfaces 
were compared against the conventional ace screenboard. Secondly, the reusability of 
the surface and the effectiveness of the clean-up process. All target surfaces yielded a p-
value > 0.05; there was no statistically significant difference in the AOO determination of 
all surfaces. The enamel gloss painted surface produced ineffective cleaning results, while 
the Two-Pack Polyurethane (2K PU) paint, Whiteboard (WB) paint, and acrylic sheets 
were the only target surfaces that displayed significant cleaning results. Since the three 
surfaces exhibited effective cleaning results, the target surfaces were assessed based on 
the surfaces’ advantages and disadvantages to identify an appropriate reusable surface. 
This novel study was able to determine that the 2K PU paint was the most operational 
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In criminal investigations, the examination and interpretation of various and diverse 
bloodstains and bloodstain patterns is a vital aspect of crime scenes 1-3. The discipline is 
identified as Bloodstain Pattern Analysis (BPA) and is frequently utilised by BPA analysts 
to reconstruct the sequence of events that have transpired at the bloodshed event3-6. The 
most valuable bloodstain pattern would be impact spatters since they are essential for 
crime scene reconstructions as their characteristics can be utilised to discover the blood 
source location7. The reconstruction of impact patterns is based on the selection of 
appropriate bloodstains which are founded on fundamental features of a stain8-11, the 
intersection of several selected stains is able to provide the two-dimensional 
representation of the blood source which is identified as the Area of Convergence (AOC)5. 
Although all criteria for the selection of bloodstains are essential, the most crucial 
criterion would be the stains Angle of Impact (AOI) since the combination of the AOC and 
the AOI would generate the three-dimensional spatial representation of the blood source 
position5, 12, 13. The Area of Origin (AOO) determination is able to propose information on 
the relative postural of the blood source location5, 14, this evidence is able to substantiate 
or confute statements in criminal proceedings14, 15.   
 
At domestic crime scenes, traces of bloodstains may be discovered on various 
surfaces (furniture, walls, floors, clothing)16. Reconstruction or pattern classification may 
be hindered as a result of the surface characteristics adding another level of complexity; 
there is limited research available whether reconstructive techniques would influence a 
variety of wall surfaces (e.g., painted, wallpaper, chipboard, wood) found throughout 
domestic crime scenes17, 18. A recent study examined the influence AOO would have on 
various wallpaper surfaces (smooth and textured), Griffiths et al.19 determined textured 
wallpaper hindered the AOO determination in contrast to smooth wallpaper. Most 
educational and professional sectors would utilise smooth surfaces for the practice of 
reconstructive techniques in order to develop essential skills20. Currently, the utilisation 
of paper to line the interior surfaces of BPA training facilities is the most standard 
application available for the reconstruction of bloodletting events20, 21; a novel application 
is yet to be determined.  
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A study conducted by Taylor et al.18 determined that BPA analysts were able to 
accurately classify spatter stains on painted surfaces in comparison to wallpaper and 
chipboard. The visualisation of patterns on wallpaper and chipboard was more 
challenging than painted surfaces since surface roughness impeded the characteristics of 
the patterns. In addition to this, Adam17 study reported the influences bloodstains had on 
various painted surfaces; the study results indicated that gloss and vinyl painted surfaces 
did not obstruct the stain shape or ellipticity in contrast to the matt painted surface. Both 
Taylor et al.18 and Adam17 studies did not examine AOO determination; however, Adam17 
briefly investigated the influence impact velocity had on elliptical stains, although no 
further investigations were conducted.  
 
Ascertaining a reusable surface would benefit the BPA community; BPA analysts and 
students would be able to practice reconstructive techniques on BPA events without 
requiring additional preparation. Therefore, this study aims to evaluate a range of 
reusable surfaces that can be utilised for practising reconstructive techniques on impact 
patterns, without the target surface adversely affecting the determination of the impact 
pattern. Furthermore, assessing the quality and performance of the reusable surfaces 
against the conventional ace screenboard. In addition to this, the study aims to 
investigate the null hypothesis: 
• The chemical and physical composition of the target surfaces will display no 
statistically significant differences in the determination of the AOO. 
In order to determine an effective reusable surface, the target surfaces were cleaned with 
a multipurpose household spray. Comparison of the different target surfaces was 






2. MATERIALS & METHODS 
2.1 Surface Material 
A variety of surfaces were utilised in this study; the ace screenboard is a two-sided 
board utilised for screen printing purchased from Paperboys (1040 x 1560, 880 GSM) was 
used exclusively without any modifications. The clear acrylic sheets were purchased from 
Plastic Warehouse (1220 x 1210, 3mm) they were the hard surfaces utilised in this 
experimentation. All paints (primers and topcoats) were applied onto the acrylic sheets 
with a high-density foam roller in accordance with the manufacturer instructions (Table 
1). 
 
Table 4. Paint samples utilised in this study. 
PAINT TYPES BRAND COAT(S) 
Enamel Gloss 
Dulux Precision Maximum Strength Adhesion Primer 2 
British Paint Enamel Gloss – White 2 
2-Pack Polyurethane 
(2K PU) 
Norglass NoRust All Surface Primer 2 
Norglass Northane Gloss – White 2 
Whiteboard (WB) 
Smart Surface Smart White Primer 2 
Smart Surface Smart Wall Paint – White 1 
 
After the first (7 days) cleaning experimentation (Table 3), the enamel gloss 
painted surface was discontinued and, instead, the author decided to utilise the acrylic 
sheets exclusively without any modifications. 
 
The chemical composition for each of the different paint types was assessed with 
the Fourier-Transform Infrared Spectroscopy (FTIR), the instrumentation analysed and 
determined the inorganic and organic composition in the paint substance. Spectrums 
were generated and searched against a non-specific library. Additionally, spectral analysis 
was conducted utilising Coats22 diagnostic assessment for infrared spectrums. 
 
2.2 Blood Source 
Human venous blood was venepuncture from the same healthy male, the 
Hematocrit (Hct) value was 46%. The study utilised 65 mL of blood for 13 impact patterns, 
the blood used for the pattern creations was less than six hours old and stored in EDTA 
tubes to prevent anticoagulation of blood samples.   
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2.3 Creation of Impact Spatter  
Target surfaces were positioned onto the wall at a height of 350 mm (refer to 










Figure 9. Plan view of the transportable floor with 
the arrangement of target surfaces. (Image by: 
Rochelle Pandita). 
 
 Table 5. Arrangement of target surfaces that corresponds to Figure 1. 
 
 
A wooden pedestal was positioned in front of the four (or five) different target 
surfaces (1040x1560, 880 GSM or 1220x1220, 4.5mm). Approximately 5 mL of blood was 
deposited onto the top of the pedestal; the blood was then struck utilising a claw 
hammer to create an impact spatter pattern.  
 
All 13 impact patterns were created by a Western Australian Police Officer, who is 
a level 3 trained Bloodstain Pattern Analyst. Blind trials were conducted, where the 
EXPERIMENT ARRANGEMENTS OF TARGET SURFACES 





































measurements (X, Y, and Z coordinates) of the pedestal position in relation to the target 
surface was acquired and suppressed until final calculations were ascertained to avoid 
the contextual bias of the author. 
 
2.4 Data Collection – Impact Spatter 
Bloodstains were selected according to the stain selection criteria8-11: 
• Stain shapes were elliptical, symmetrical, and have a well-formed leading edge. 
• Stains were fast upward travelling.  
• Stain lengths were predominately between 3mm-8mm; a few were < 3mm. 
• The angle of impact for stains were between 10o-30o, except some were below 
32o 
• The selection area on the impact patterns were '10 to 2' on a clock face quadrant. 
All selected bloodstains were photographed using a Nikon D5500 DSLR camera including a 
Nikon Macro Lens (ISO:100, Aperture: F11, and Shutter Speed:1/125).  
 
The images of the stains were imported into Microsoftâ Office 2003 Excel Auto 
Shapes (refer to Figure 2), the "insert Axis" was the blue line which would travel from the 
leading edge of the stain through to the tail, the "insert Lines" were the red lines which 
would aid to define the widest part of the stain, and the "insert ellipse" would elongate 
symmetrically to provide the ellipse of the stain. This software was capable of measuring 







Figure 10. Microsoftâ Office 2003 Excel Auto Shapes to determine length, width and 
impact angle of bloodstain (Image by: Rochelle Pandita). 
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Based on the AOI, a straight line was drawn through selective bloodstains (Figure 










Figure 11. A straight line through a bloodstain to display 
flight path (Image by: Rochelle Pandita). 
 
The intersection of straight lines determines the AOC and provided the Y and Z 
coordinates. A Microsoft Office Excel worksheet was utilised to encompass all the data for 
the tangent method in accordance with Taylor et al.21 tangent method and spreadsheet; 







Figure 12. The tangent method, where A 
represents the Area of Convergence 
(AOC), B represents the Angle of Impact 
(AOI), C represents the distance between 
the AOC to the leading edge of the 
bloodstain, and D represents the 
distance from the target surface5, 23, 24 
 
 
!"#	%&	'	(	)	 = 	+ 
Equation 3. Tangent method equation using Figure 45, 23, 24. 
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A single reference point was selected within the AOC (A – Figure 4), 
measurements were obtained from the AOC to the leading edge of the bloodstains (C – 
Figure 4). The utilisation of equation 1 was able to provide the X coordinate of individual 
stains. The X coordinates of all bloodstains were averaged in order to provide the 
distance from the impact pattern. 
 
2.5 Cleaning of target surfaces 
Following the AOO determination, impact patterns of the target surfaces were 
aged and separated into three groups; to be cleaned at 7-, 14-, and 21-days after impact 
pattern deposition (Table 3). Bloodstains were wiped down with a disposable cloth and 
earth choice multipurpose spray; paper towels were utilised to clean up the excess foam 
of the multipurpose spray. 
 
Table 6. Deposition period prior to cleaning of the target surface. 
Deposition 
period prior to 
cleaning 
Target Surface 
7 days 2-Pack Polyurethane 
Paint 1 Whiteboard Paint 1 Acrylic Sheet 1 
Enamel Gloss 
Paint  
14 days 2-Pack Polyurethane 
Paint 2 Whiteboard Paint 2 Acrylic Sheet 2 
 
21 days 2-Pack Polyurethane 
Paint 3 Whiteboard Paint 3 Acrylic Sheet 3 
 
 
2.6 Data Collection – Target surface 
Photographs of impact patterns were captured prior to cleaning. Subsequent to cleaning, 
photographs of the cleaned target surfaces were captured. 
 
2.7 Data Analysis 
Equation 2 was utilised to calculate the direction of difference for the X, Y, and Z 
coordinates for all target surfaces. 	
Experimental	value	– 	Theoretical	value	 = 	Difference 
Equation 4. Difference between the experimental and theoretical value. 
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A positive direction of difference determines overestimation, while a negative 
direction of difference determines underestimation. All X, Y, and Z coordinates for the 
target surfaces (except enamel gloss) were averaged. 
 
The analysis of variance (ANOVA) statistical test on Microsoft Office Excel was utilised to 
calculate the variance of each impact pattern. An alpha level of 0.05 was utilised, a p-
value ≤ 0.05 supports strong evidence against the null hypothesis, while a p-value ≥ 0.05 
supports strong evidence for the null hypothesis. 
 
The cleaning results of the target surfaces are qualitative; thus, no statistical analysis 
was performed for the interpretation of the results. 
 
3. RESULTS & DISCUSSION 
3.1 Chemical Composition of Painted Surfaces  
 
Chemical composition and FTIR spectra with the analysis are presented in 
Appendix 1. Spectrums for enamel gloss, 2-Pack Polyurethane (2K PU), and Whiteboard 
(WB) paints were generated and searched against a non-specific library that includes 
paints and other substances. The enamel gloss spectrum displayed a similar appearance 
to several spectra on the library search in comparison to the 2K PU and WB paint. As a 
result of the lack of specificity of the library search, spectral analysis of the enamel gloss, 
2K PU, and WB paints were conducted based on Coates22 diagnostic assessment for 
infrared spectrums. According to the spectral analysis, the enamel gloss and 2K PU paint 
exhibited evident absorption bands for all of the following functional groups assessed: 
organics and hydrocarbons; hydroxy and amino; carbonyl; and aromatics. The chemical 
composition of the primer and topcoat for the enamel gloss and 2K PU paint would utilise 
the four functional groups. Since WB paint did not exhibit absorption bands for the main 
functional groups being assessed; commenting on the paint chemical composition is 




Coates22 acknowledged that the diagnostic technique is capable of identifying 
common functional groups in a spectrum to gain knowledge on the chemical 
functionality; although, the systematic assessment does not guarantee the accurate 
identification of functional groups; reference spectrums are recommended to obtain an 
accurate identification22. Additionally, all the paints utilised in this study is commercially 
formulated, creating difficulty for the identification of functional groups due to the 
sample being a mixture of materials; reference spectrums for mixture samples may be 
difficult to obtain unless spectrums for the commercially formulated paints exist on a 
paint database22. Furthermore, Bell et al.25 indicated FTIR could not discriminate and 
classify architectural paints (predominately white paints) into more distinct groups in 
comparison to Raman spectroscopy; the FTIR results in this study may have classified the 
paints based on a similar group rather than distinctive groups; therefore, unable to 
discriminate the paints even further.  
 
3.2 The Area of Origin (AOO) Determination for the Target Surfaces 
3.2.1 Comparison of the X, Y, and Z Coordinates 
Bloodstain images with the tangent method for the determination of the AOO are 
exhibited in Appendix 2. Bloodstains were selected in accordance with the stain selection 
criteria8-11 stated in the methodology section of this study. Following the determination 
of the AOC, certain stains were excluded since they did not intersect at a convergent 
area. The stain's flight path proves to play an essential role in the stain deposition on the 
target surface; blood droplets travelling through the air from the location of impact are 
influenced through gravity and drag5. Stains that diverged away from the AOC were 
excluded in the determination of the AOO since the data would generate inaccuracies for 










Figure 13. The representation of the X, Y, and Z 
coordinates, displaying the three-dimensional area (AOO). 
The red spherical represents blood source 26.  
 
The distance from the target surfaces (X coordinates) were underestimated (Table 
4), the average differences for the target surfaces (except enamel gloss) between the 
theoretical and experimental X coordinate values ranged from -87.39 mm to -52.80 mm. 
A negative result indicates that the experimental X coordinate is closer to the target 
surface than the theoretical X coordinate. Connolly et al.27 stated that the impact angle 
would influence the trajectory of a droplet; a small impact angle would attract the 
trajectory closer to the target surface, while a large impact angle would impel the 
trajectory further away from the target surface27. In addition to this, uncertainties in the 
width and length measurements would affect the impact angle calculation, therefore 
influencing the X coordinate value28. The previous studies29, 30 suggested that the 
Microsoftâ Office Excel 2003 AutoShapes software provided a more precise and accurate 
estimation for impact angles of stains in comparison to the contemporary manual 
measuring technique; that software was utilised in this study. However, the utilisation of 
digital software to determine ellipticity indicators on a stain is susceptible to human 
perception, discrepancy, and inaccuracies12.  
 
Furthermore, de Bruin et al.9 determined that the experimental X coordinate 
value would predominately be nearer to the target surface rather than further away. The 
HemoSpatâ and BackTrackä methodology were utilised in de Bruin et al.9 study and 
performs in a similar context as the tangent method, where the trajectory of a blood 
droplet is considered to be a straight line that is not influenced by gravity and air 
resistance5, 9. Since the tangent method disregards blood droplet trajectories as parabolic 
arcs, this factor is able to influence the experimental X coordinate value9, 12. The 
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uncertainties in impact angle calculations, digital measurement software, and tangent 
methodology could account for the underestimation in the X coordinate values in this 
study.  
 
The distance from the reference walls (Y coordinates) were underestimated and 
overestimated (Table 4), the average difference for the target surfaces (except enamel 
gloss) between the theoretical and experimental Y coordinate values ranged from -23.33 
mm to +10 mm. A negative result indicates the experimental Y coordinate is closer to the 
reference wall than the theoretical Y coordinate, a positive result indicates the 
experimental Y coordinate is further away from reference wall than the theoretical Y 
coordinate. The impact angle is capable of influencing the Y coordinates on either side of 
an impact pattern; trajectories of small impact angles on one side of a pattern would 
attract them to intersect with the other side of the pattern that is relatively close to the 
reference wall, while large impact angles would impel trajectories to intersect further 
away from the reference wall27. Several studies12, 31, 32 reported a smaller Y displacement 
value in comparison to the X and Z displacement values; it has been postulated that 
selection of stains on various sections on an impact pattern is vital since it would provide 
acceptable triangulations of flight paths, in contrast to selecting stains from a small 
cluster in the same region12. Some stains in this study were selected from a small cluster 
in the same region. Since the target surface material was a particular size, stains located 
outside of the target surface were not utilised in this study; this may influence the 
underestimation or overestimation of the Y coordinate values.  
 
The height (Z coordinates) of the impact patterns were overestimated (Table 4), 
the average difference for the target surfaces (except enamel gloss) between the 
theoretical and experimental Z coordinate values ranged from 57.33 mm to 115 mm. A 
positive result indicates that the experimental Z coordinate is higher than the theoretical 
Z coordinate. An elevation in height for the AOO determination has been indicated in 
several studies9, 12, 14, 31-34, the research reveals that droplet trajectories are assumed to 
be of a straight line instead of curvature, disregarding the influence of gravity and air 
resistance. Additionally, the utilisation of the distance from the floor to the AOC could 
influence the height of the impact pattern since it is significantly susceptible to human 
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perception5, 31. For this reason, most methodologies overestimate the height of blood 
source in the determination of the AOO12, 14.  
 
The averaged differences of the X, Y, and Z coordinates for the target surfaces 
(except enamel gloss) and their standard deviations (SD) was utilised to generate a graph 
(Figure 6). The distribution of the dataset to the average is determined through the SD 
and this was used as a measure of reproducibility12. The SD for all target surfaces (except 
enamel gloss since experiments on that surface were discontinued due to the surface 
reusability quality) are listed in Table 4; the results from this study suggested that the 2K 
PU painted surface had the smallest SD for the X and Y coordinates in comparison to the 
WB paint, ace screenboard, and acrylic sheet. In contrast, the WB painted surface had the 
smallest SD for Z coordinates in comparison to the 2K PU paint, ace screenboard, and 
acrylic sheets (Figure 6). The acrylic sheets had the largest SD in comparison to the 2K PU 
paint, WB paint, and ace screenboard surfaces. Both de Bruin et al.9 and Hakim and 
Liscios’12 studies reported that if the blood source location is further away from the wall, 
the reproducibility declines. However, both studies9, 12 had fixed X, Y, and Z coordinates 
for their theoretical values; in this study, the theoretical X, Y, and Z coordinate values 
were based on the blood source positioning in order to generate sufficient impact 
patterns for the determination of the AOO and the nature of the study was a blind trial. 
 
Table 7. A dataset comprising of the theoretical and experimental values of X, Y, and Z 
coordinates for all target surfaces in this study; including the difference, average 




















X 430 330.93 -99.07 
X = -87.39 X = 31.26 Y 690 695 5 




X 250 198.02 -51.98 
Y = -23.33 Y = 24.66 Y 1050 1010 -40 




X 400 288.87 -111.13 
Z = 115 Z = 47.70 Y 600 565 -35 













X 250 197.00 -53 
N/A N/A Y 750 747 -3 
Z 650 695 45 
2-PACK 
POLYURETHA
NE PAINT 1 
X 307 249.77 -57.23 
X = -61.87 X = 5.04 Y 740 735 -5 
Z 650 690 40 
2-PACK 
POLYURETHA
NE PAINT 2 
X 330 268.85 -61.15 
Y = 10 Y = 13 Y 655 672 17 
Z 400 454 54 
2-PACK 
POLYURETHA
NE PAINT 3 
X 290 222.76 -67.24 
Z = 57.33 Z = 19.22 Y 790 808 18 
Z 650 728 78 
WHITEBOARD 
PAINT 1 
X 330 256.53 -73.47 
X = -59.78 X = 14.64 Y 645 667 22 
Z 650 750 100 
WHITEBOARD 
PAINT 2 
X 320 275.66 -44.34 
Y = 6.67 Y = 36.50 Y 675 708 33 
Z 400 520 120 
WHITEBOARD 
PAINT 3 
X 358 296.47 -61.53 
Z = 105 Z = 13.23 Y 863 828 -35 
Z 650 745 95 
ACRYLIC 
SHEET 1 
X 317 256.74 -60.26 
X = -52.80 X = 56.64 Y 820 843 23 
Z 400 492 92 
ACRYLIC 
SHEET 2 
X 335 287.47 -47.53 
Y = -19 Y = 39.34 Y 757 702 -55 
Z 650 796 146 
ACRYLIC 
SHEET 3 
X 355 304.39 -50.61 
Z = 86 Z = 63.21 Y 1380 1355 -25 















Figure 14. Difference between the theoretical and experimental X, Y, and Z coordinates for 
the different target surfaces in this study. The bars represent the averaged differences of 
the target surfaces: orange, ace screenboard; yellow, 2-pack polyurethane paint; blue, 
whiteboard paint; and green, acrylic sheet. The error bars represent the standard 
deviation. 
 
3.2.2 Comparison of the Target Surfaces 
The ANOVA statistical test was utilised in this study to evaluate the statistical 
difference of all target surfaces (Table 5). The primary objective of this study was to 
determine the applicability of the target surfaces for the AOO determination. The results 
from this study indicated that all p-values are > 0.05, suggesting there was no statistically 
significant difference in the AOO determination of all surfaces. In addition to this, the p-
values supported the null hypothesis, that the chemical and physical composition of the 
target surfaces would exhibit no statistically significant differences on the determination 
of the AOO. Previous research11 have utilised the ace screenboard as the conventional 
surface for the AOO determination; in this study, the conventional surface was utilised for 
comparison purposes to determine if the enamel gloss, 2K PU paint, WB paint, and acrylic 
sheets were functional surfaces for the AOO determination. The results indicated that the 
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enamel gloss, 2K PU paint, WB paint, and acrylic sheets were suitable surfaces for 
determination since the p-values were > 0.05. 
 
There is a lack of research available on the AOO determination for painted and 
plastic surfaces; however, a recent study conducted by Griffiths et al.19 analysed the 
accuracies of the AOO determination of various wallpapers surfaces (smooth and 
textured). The study19 results indicated that smooth wallpaper generated an accurate 
AOO determination in comparison to textured wallpaper; the high surface roughness of 
the textured wallpaper obstructed the stains’ characteristics19. Most educational and 
professional facilities would utilise paper to line the interior surfaces of walls prior to 
blood-shedding experimentation; paper is utilised as a result of its low surface roughness 
and absorption; therefore, diminishing the obstruction of stains20, 21, 35. The target 
surfaces used in this study had low surface roughness and absorption; this resulted in the 
high p-values (> 0.05). 
 












3.3 The Evaluation of the Reusability Aspect regarding the Target Surfaces 
 
The cleaning of the target surface images with the product cost is displayed in 
Appendix 3. Since the primary objective of this study was achieved, the secondary 
TARGET SURFACE P VALUE 
Ace Screenboard 1 0.86 
Ace Screenboard 2 0.99 
Ace Screenboard 3 0.85 
Enamel Gloss Paint 0.98 
2-Pack Polyurethane Paint 1 0.98 
2-Pack Polyurethane Paint 2 0.98 
2-Pack Polyurethane Paint 3 0.96 
Whiteboard Paint 1 0.93 
Whiteboard Paint 2 0.83 
Whiteboard Paint 3 0.99 
Acrylic Sheet 1 0.94 
Acrylic Sheet 2 0.94 
Acrylic Sheet 3 0.97 
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objective was to examine the reusability of the surfaces. In order to determine the 
reusability of a surface for reconstructive methods of impact patterns, the removal of 
bloodstains on a surface must be effective. There is an absence of literature available in 
regard to this matter; furthermore, the current literature available does not examine a 
functional methodology for the clean-up of bloodstained surfaces or ascertaining a 
surface that can be effectively cleaned, the literature predominantly determines if the 
evidentiary value of bloodstains is being compromised or concealed at crime scenes36-38.  
 
Cleaning of the ace screenboard surfaces would have been insignificant since the 
composition of the boards is predominately paper material. Although, the ace 
screenboards surface displayed a low surface roughness and absorption; staining of the 
surface is evident and is unsuitable for the reusability aspect of this study. Cleaning of the 
target surfaces was conducted in accordance with Table 3; since bloodstains are capable 
of discolouring a surface, examining the clean-up of aged impact patterns would aid in 
the identification of an appropriate reusable surface. The enamel gloss painted surface 
presented an inadequate cleaning result; subsequent to cleaning, stains were still 
prominent on the painted surface. The author decided to discontinue the utilisation of 
the enamel gloss surface due to the ineffective clean-up of the surface; it was proposed 
by the author to utilise the acrylic sheet without any modifications as a substitute for the 
enamel gloss surface in this study. 
 
The 2K PU paint, WB paint, and acrylic sheet surfaces exhibited significant clean-
up results for all aged impact patterns; for that reason, an evaluation of the advantages 
and disadvantages of the three surfaces (Table 6) were conducted. The evaluation 
determined that the 2K PU painted surfaces had more significant advantages than 
disadvantages, while the WB painted surfaces had the opposite results to the 2K PU 
painted surface. The acrylic sheet was equalised in the advantage and disadvantage 
section. Therefore, the 2K PU painted surface was the most effectual and appropriate 





Table 9. Advantageous and disadvantageous of the 2-pack polyurethane paint, 























• Scale labels did not obliterate stains 
• Stains were not damaged by accidental contact during the examination 
• Effortless to clean 
• Cost-effective 
Disadvantage 











• Effortless to clean 
Disadvantage 
• Desiccation of stains 
• Scale labels were able to remove parts of the stain when labels were placed 
unintentionally close to the stain 
• Stains were able to be obliterated by accidental contact during the examination 
• Background staining of whiteboard marker occurred, required more amount of 
multipurpose spray 










• Scale labels did not obliterate stains 
• Stains were not damaged by accidental contact during the examination 
• Effortless to clean 
Disadvantage 
• Overshadowing of scale labels when acquiring technical photographs of stains 
• A minor intensity of the camera light source reflection on the entire board 
• Expensive 
 
3.5 Limitations and Future Research  
 
The level of force applied to the blood source for the creation of impact patterns was 
not measured; as a result, fluctuating levels of force was applied to the blood source to 
create the impact patterns. Several studies9, 12, 39-41, have designed an apparatus that was 
capable of generating the same force applied to the blood source; this would have 
 79 
resulted in the study maintaining a uniform initial blood drop velocity. In BPA, the level of 
force utilised would not be considered as a limitation since it would be impossible to 
determine during crime scene examination; in addition to this, the utilisation of the blind 
study is able to simulate real-life conditions of generated bloodstains. Furthermore, the 
experimental room size would have influenced the positioning of the target surface, 
consequently affecting the location of the blood source. In order to generate sufficient 
impact patterns, positioning of blood sources was deemed in respect to the target surface 
location; therefore, X, Y, and Z coordinates fluctuated in this study. 
 
This novel study is significant for the reliability of AOO determinations on reusable 
surfaces when encountered at scenes for BPA practitioners. The research aids to support 
BPA expert on the determination; however, further studies should be conducted on the 
AOO determination of various painted or reusable surfaces. Since this study utilised 
topcoat paints that were considered to be full gloss, a study regarding the AOO 
determination on an assortment of gloss paints (e.g., full gloss, semi-gloss, matte) would 
be beneficial to the BPA community since painted surfaces are discovered throughout 
domestic crime scenes. Additionally, there is a lack of research available on the 
wettability of blood on painted surfaces creating difficulty for interpreting the adhesion of 
blood on painted surfaces. Moreover, the wettability of blood on a reusable surface 





In forensic investigations, the identification of an impact pattern is crucial and 
requires reconstructive techniques to aid in the reconstruction of the blood source 
location. BPA analysts and students would frequently practice their reconstructive 
procedures on impact patterns to improve their proficiency and knowledge for crime 
scenes containing BPA events. Currently, the most standard application available for 
covering interior surfaces of BPA training facilities is paper. Discovering a reusable surface 
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would be valuable; BPA analysts and students would be able to practice reconstructive 
techniques on BPA events without requiring additional preparation.  
 
In order to identify a reusable surface, FTIR analysis was conducted on the painted 
surfaces to acquire the chemical composition. Since the paints are commercially 
formulated, the identification of the chemical composition was proved to be challenging 
to obtain. Further studies involving a specific paint database and the utilisation of the 
Raman spectroscopy should be conducted for the classification of paints into more 
distinctive groups. The X coordinates were all underestimates in this study; the 
experimental values were closer to the target surface in comparison to the theoretical 
values. Uncertainties in the AOI, digital measurements, and tangent methodology could 
account for the underestimation in the X coordinate values. The Y coordinates were 
underestimated and overestimated in this study; the experimental values were either 
closer to or further away from the reference wall. The target surfaces were a particular 
size, and stains located outside of the target area were not utilised in the study; this may 
have influenced the Y coordinate values. The Z coordinates were overestimated in this 
study; the experimental values were higher than the theoretical values. Previous studies 
have indicated that the Z coordinates are predominately elevated in the AOO 
determination since droplet trajectories are assumed to be of a straight line. 
 
The primary objective of this study was corroborated through the p-values to 
determine an appropriate target surface for the AOO determination. The p-values for all 
target surfaces utilised in this study failed to refute the null hypothesis, suggesting there 
was no statistically significant difference in the AOO determination of the target surfaces. 
The ace screenboard was utilised in this study as the conventional surface for the AOO 
determination; the surface was used for comparison purposes to determine if the enamel 
gloss, 2K PU paint, WB paint, and acrylic sheets were functional surfaces for 
determination. The enamel gloss, 2K PU paint, WB paint, and acrylic sheets were suitable 
surfaces for the AOO determination since the p-values were >0.05. 
 
The ace screenboard was the only target surface not examined on the reusability 
aspect in this study due to the surface material. Throughout the comparison of the 
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different surfaces, it was verified that the enamel gloss painted surface generated 
inadequate cleaning results. The surface was discontinued to which the acrylic sheet 
without any modifications was substituted into this study. The reusability results for the 
2K PU paint, WB paint, and acrylic sheet revealed that these surfaces displayed significant 
clean-up results for all the aged impact patterns. The target surfaces were then evaluated 
based on the surfaces’ advantages and disadvantages to determine an applicable 
reusable surface. The novelty of this study was able to conclude that the 2K PU painted 
surface was the most effective and applicable target surface in comparison to the WB 
paint, acrylic sheet, and enamel gloss paint. BPA practitioners may encounter these types 
of surfaces at scenes, future research should be conducted on the reliability of AOO 
determination of various painted surfaces since these types of surfaces are discovered 
throughout domestic crime scenes. Additionally, further research on the wettability of 
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6.APPENDICIES   
 
Appendix 1: FTIR spectra and chemical composition of the paint samples utilised in this study. FTIR spectra with analysis: a) Enamel Gloss 
Paint; b) 2 Pack Polyurethane Paint; c) Whiteboard Paint. 
a) Enamel Gloss Paint 
 
 
FTIR spectrum of enamel gloss paint. 
 
The enamel gloss paint spectrum was searched against a non-specific 
library. 
Analysis of Spectrum 
• Step 1: Complex molecule – 16 functional groups present. 
• Step 2: Absorption between 3200–2700 cm-1 is evident – Organics and Hydrocarbons are present. 
o Absorption above 3000 cm-1 – Compound is unsaturated. 
o Absorption is below 3000 cm-1 – Aliphatic. 
 2 
o Absorption is approximately 2935 and 2860 cm-1, there is an absorption at 1470 cm-1; however, no absorption at 720 cm-1.  
• Step 3: Absorption between 3650–3250 cm-1 is evident – Hydroxy or Amino groups are present.  
• Step 4: Absorption between 1850–1650 cm-1 is evident – Carbonyl compounds are present. 
o Absorption between 1750–1700 cm-1 is evident – Simple carbonyl group is present (i.e. ketone, aldehyde, ester, or a carboxylic acid) 
• Step 5: Absorption between 1670–1620 cm-1 is not evident – Compound is unsaturated. 
• Step 6: Absorption between 1615–1495 cm-1 is evident – Aromatic compounds are present. 
o Absorption bewteen 1150–950 cm-1 is evident – Bending vibration of aromatic compounds 
• Step 7: No evidence of multiple bonding in the absoption region of 2300–1990 cm-1. 
• Fingerprint region (1500–400 cm-1): 10 functional groups are present in the fingerprint region.  
 
 
b) 2 Pack Polyurethane Paint  
 
 
FTIR spectrum of 2-pack polyurethane paint. 
 
The 2-pack polyurethane paint spectrum was searched against a non-
specific library. 
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Analysis of Spectrum  
• Step 1: Complex molecule – 12 functional group present. 
• Step 2: Absorption between 3200–2700 cm-1 is evident – Organics and Hydrocarbons are present. 
o Absorption above 3000 cm-1 – Compound is unsaturated. 
o Absorption is below 3000 cm-1 – Aliphatic. 
o Absorption is approximately 2935; however, no absorption at 2860 cm-1, 1470 cm-1, and 720 cm-1.  
• Step 3: Absorption between 3650–3250 cm-1 is evident – Hydroxy or Amino groups are present. 
o Absorption between 3670 and 3550 cm-1 is evident  – Non-hydrogen-bonded hydroxy group (i.e. alcohol or phenol) 
• Step 4: Absorption between 1850–1650 cm-1 is evident – Carbonyl compounds are present. 
o Absorption between 1750–1700 cm-1 is evident – Simple carbonyl group is present (i.e. ketone, aldehyde, ester, or a carboxylic acid) 
• Step 5: Absorption between 1670–1620 cm-1 is not evident– Compound is unsaturated. 
• Step 6: Absorption between 1615–1495 cm-1 is evident – Aromatic compounds are present. 
o Absorption bewteen 1150–950 cm-1 is evident – Bending vibration of aromatic compounds 
• Step 7: No evidence of multiple bonding in the absoption region of 2300–1990 cm-1. 

















c) Whiteboard Paint  
 
 
FTIR spectrum of whiteboard paint. The whiteboard paint spectrum was searched against a non-specific 
library. 
Analysis of Spectrum  
• Step 1: Complex molecule – 5 functional group present. 
• Step 2: Absorption between 3200–2700 cm-1 is not evident – Organics and Hydrocarbons are not present 
• Step 3: Absorption between 3650–3250 cm-1 is not evident – Hydroxy or Amino groups are not present. 
• Step 4: Absorption between 1850–1650 cm-1 is not evident – Carbonyl compounds are present. 
• Step 5: Absorption between 1670–1620 cm-1 is not evident– Compound is unsaturated. 
• Step 6: Absorption between 1615–1495 cm-1 is not evident – Aromatic compounds is not present. 
• Step 7: No evidence of multiple bonding in the absoption region of 2300–1990 cm-1. 




Chemical composition of paint samples 
 
Paint Types Brand Chemical composition in accordance with the Material Safety Data 
Sheet (MSDS) 
Enamel Gloss 
Dulux Precision Maximum Strength Adhesion Primer 
• 10-30% of Nepheline Syenite 
• 1-10% of Dipropropylene Glycol Monomethyl Ether 
• Balance is non-hazardous ingredients 
British Paint Enamel Gloss – White 
• 10-30% of Mineral turpentine 
• 1-10% of White Spirit 
• 1-10% of Kerosene 
• <1% of Methyl Ethyl Ketoxime 
• Balance is non-hazardous ingredients 
2 Pack Polyurethane 
Norglass NoRust All Surface Primer 
• 30-35% of Short Oil Alkyd Resin 
• 35-40% of Non-toxic pigments and various fillers 
• 15-25% of Xylene 
• Balance is Additives 
Norglass Northane Gloss – White 
Hardener 
• >60% of Resin 
• 10-30% of 1-Methoxy-2-Propyl Acetate 
• 10-30% of Xylene mixture (inclusive of Aliphate polyisocyante) 
• <3% of Ethyl Benzene 
• <0.5 of Hexamethylene-1,6-Diisocynate  
Base 
• 40-60% of Polyester Resin 
• 10-30% of various pigments 
• 10-15% of Ethoxy-2-Propyl Acetate 
• Balance is Additives 
Whiteboard Smart Surface Smart White Primer • Chemical composition not listed in MSDS 
 6 
Smart Surface Smart Wall Paint – White 
Part A 
• 70-90% of 3-Aminopropyltriethoxysilane 
• 10-30% of 3-(Trimethoxysilyl)Propylamine 
Part B 
• 10-30% of Titanium Dioxide 
• 10-30% of 4,4’-Isopropylidenedicyclohexanol 
• 1-10% of Dioctylzinndineodecanoat 























Appendix 2: Tangent Method for the Determination of AOO: a) Ace Screenboard 1; b) Ace Screenboard 2; c) Ace Screenboard 3; d) Enamel 
Gloss Paint; e) 2 Pack Polyurethane Paint 1; f) 2 Pack Polyurethane Paint 2; g) 2 Pack Polyurethane Paint 3; h) Whiteboard Paint 1; i) 
Whiteboard Paint 2; j) Whiteboard Paint 3; k) Acrylic Sheet 1; l) Acrylic Sheet 2; m) Acrylic Sheet 3 
 
a) Ace Screenboard 1 
 









Angle of Impact (AOI) 











1.24 2.88 25.5o 847 0.48 404.05 
2 
 




1.21 3.12 22.8o 784 0.42 329.87 
4 
 
1.19 3.08 22.7o 767 0.42 321.29 
5 
 




1.18 2.60 27.0o Excluded – Stain flight path 
7 
 
1.22 2.97 24.3o 744 0.45 335.20 
8 
 
1.23 3.14 23.1o 731 0.43 311.22 
9 
 




1.19 2.62 27.0o 663 0.51 338.01 
11 
 
1.25 2.40 31.4o 458 0.61 279.43 
12 
 
1.21 2.55 28.3o 532 0.54 286.78 
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X coordinates (Distance off the target wall): 330.93 mm 
Y coordinates (Distance from the reference point): 695 mm 















1.23 2.33 31.9o Excluded – Stain flight path 
  Average:  330.93 mm 
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b) Ace Screenboard 2 
 









Angle of Impact 
(AOI) 











1.26 3.82 19.3o Excluded – Stain flight path 
2 
 
1.23 3.69 19.5o Excluded – Stain flight path 
3 
 




1.24 4.28 16.8o 722 0.30 218.55 
5 
 
1.22 3.52 20.3o Excluded – Stain flight path 
6 
 




1.25 4.22 17.2o 804 0.31 249.34 
8 
 
1.22 3.57 20.0o 515 0.36 187.27 
9 
 
1.24 3.01 24.3o 365 0.45 165.02 
10 
 




1.17 3.23 21.2o 445 0.39 172.94 
12 
 
1.27 3.50 21.3o 499 0.39 194.31 
13 
 




1.26 3.72 19.8o 554 0.36 199.43 
15 
 
1.28 3.84 19.5o 604 0.35 213.55 
16 
 
1.27 3.52 21.1o 429 0.39 165.96 
17 
 
1.21 3.26 21.8o 427 0.40 170.68 
18 
 




1.26 3.12 23.8o 403 0.44 177.90 
20 
 
1.22 3.59 19.9 o 439 0.36 158.63 
21 
 
1.29 3.66 20.6o 564 0.38 212.42 
22 
 
1.22 3.06 23.5o 465 0.43 202.15 
23 
 




1.22 3.14 22.9o 490 0.42 206.62 
25 
 
1.24 3.65 19.9o 490 0.36 176.99 
26 
 
1.25 3.29 22.3o 460 0.41 188.94 
27 
 




1.27 3.23 23.2 Excluded – Stain flight path  
29 
 
1.19 3.14 22.3o 504 0.41 206.40 
30 
 





1.26 3.45 21.4o 580 0.39 227.54 
32 
 
1.29 3.56 21.2o 576 0.39 223.94 
  Average:  198.02 mm 
 
X coordinates (Distance off the target wall): 198.02 mm 
Y coordinates (Distance from the reference point): 1010 mm 













c) Ace Screenboard 3 








Angle of Impact (AOI) 











1.21 3.36 21.1o Excluded – Stain flight path 
2 
 




1.24 3.39 21.5o Excluded – Stain flight path 
4 
 
1.23 3.59 20.0o 1005 0.36 366.51 
5 
 




1.16 3.26 20.8o 998 0.38 379.99 
7 
 
1.26 2.71 27.7o 694 0.53 364.46 
8 
 




1.27 3.04 24.7o 700 0.46 321.87 
10 
 
1.22 2.55 28.6o 412 0.54 224.47 
11 
 




1.25 2.71 27.5o 318 0.52 165.32 
13 
 
1.27 2.62 29.0o 315 0.55 174.57 
14 
 




X coordinates (Distance off the target wall): 288.87 mm 
Y coordinates (Distance from the reference wall): 565 mm 



















  Average:  288.87 mm 
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d) Enamel Gloss Paint 
Tangent Method for the Determination of AOO 
Bloodstain 





Angle of Impact 
(AOI) 











1.24 4.75 15.1 683 0.27 184.70 
2 
 
1.23 4.14 17.3 667 0.31 207.54 
3 
 




1.24 3.98 18.2 637 0.33 208.86 
5 
 
1.24 3.77 19.2 573 0.35 199.57 
6 
 
1.24 4.69 15.3 644 0.27 176.55 
7 
 




1.22 3.91 18.2 700 0.33 229.89 
9 
 
1.23 4.17 17.2 677 0.31 208.99 
10 
 




1.23 3.66 19.6 617 0.36 220.16 
12 
 
1.22 4.29 16.5 Excluded – Stain flight path 
13 
 
1.27 4.03 18.4 583 0.33 193.59 
14 
 




1.23 4.01 17.9 Excluded – Stain flight path 
16 
 
1.28 3.39 22.2 386 0.41 157.40 
17 
 
1.26 3.54 20.9 466 0.38 177.49 
18 
 



















X coordinates (Distance off the target wall): 197.00 mm 
Y coordinates (Distance from the reference point): 747 mm 
Z coordinates (Height): 695 mm  
19 
 
1.25 3.23 22.8 466 0.42 195.58 
20 
 
1.26 3.58 20.6 486 0.38 182.74 
21 
 
1.21 4.1 17.2 613 0.31 189.34 























e) 2 Pack Polyurethane Paint 1 
Tangent Method of Determination of AOO 
Bloodstain 





Angle of Impact (AOI) 











1.25 4.93 14.69 919 0.26 240.88 
2 
 
1.24 4.1 17.60 855 0.32 271.29 
3 
 
1.25 4.18 17.40 1026 0.31 321.53 
4 
 




1.28 4.47 16.64 Excluded – Stain flight path 
6 
 
1.27 4.61 15.99 Excluded – Stain flight path 
7 
 
1.26 4.2 17.46 864 0.31 271.72 
8 
 




1.21 3.9 18.07 710 0.33 231.72 
10 
 
1.24 3.67 19.75 704 0.36 252.73 
11 
 




1.25 4.08 17.84 747 0.32 240.42 
13 
 
1.26 4.37 16.76 Excluded – Stain flight path 
14 
 
1.25 4.54 15.98 Excluded – Stain flight path 
15 
 




1.26 3.56 20.73 701 0.38 265.28 
17 
 
1.26 3.67 20.08 707 0.37 258.44 
18 
 
1.25 4.09 17.80 717 0.32 230.14 
19 
 




1.25 4.07 17.89 683 0.32 220.42 
21 
 
1.31 3.27 23.62 568 0.44 248.35 
22 
 




1.24 3.61 20.09 650 0.37 237.73 
24 
 
1.27 3.45 21.60 620 0.40 245.47 
25 
 
1.25 3.38 21.70 635 0.40 252.76 
26 
 
1.2 3.22 21.88 613 0.40 246.18 
 41 
 
X coordinates (Distance off the target wall): 249.77 mm 
Y coordinates (Distance from the reference wall): 735 mm 















1.23 3.17 22.83 528 0.42 222.29 
  Average:  249. 77 mm 
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f) 2 Pack Polyurethane Paint 2 









Angle of Impact (AOI) 











1.28 4.33 17.19 952 0.31 294.59 
2 
 
1.28 4.42 16.83 995 0.30 301.04 
3 
 




1.26 4.13 17.76 831 0.32 266.22 
5 
 
1.27 5.58 13.16 1038 0.23 242.61 
6 
 
1.28 5.64 13.12 1027 0.23 239.32 
7 
 




1.29 4.68 16.00 920 0.29 263.81 
9 
 
1.25 4.60 15.77 946 0.28 267.12 
10 
 
1.25 3.98 18.30 895 0.33 296.07 
11 
 
1.27 3.90 19.00 754 0.34 259.69 
12 
 




1.26 3.83 19.21 767 0.35 267.20 
14 
 
1.25 5.15 14.05 1030 0.25 257.71 
15 
 
1.24 4.64 15.50 913 0.28 253.20 
16 
 




1.28 4.57 16.27 813 0.29 237.21 
18 
 
1.27 4.50 16.39 850 0.29 250.05 
19 
 
1.26 3.83 19.21 Excluded – Stain flight path 
20 
 
1.25 5.69 12.69 1389 0.23 312.78 
 47 
 
X coordinates (Distance off the target wall): 268.85 mm 
Y coordinates (Distance from the reference wall): 672 mm 














1.26 5.56 13.10 1282 0.23 298.29 
  Average:  268.85 mm 
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g) 2 Pack Polyurethane Paint 3 









Angle of Impact (AOI) 











1.32 4.44 17.30 892 0.31 277.75 
2 
 
1.27 4.48 16.47 804 0.30 237.67 
3 
 




1.31 4.17 18.31 773 0.33 255.79 
5 
 
1.29 4.89 15.30 726 0.27 198.56 
6 
 
1.26 3.90 18.85 723 0.34 246.82 
7 
 
1.28 4.21 17.70 675 0.32 215.42 
8 
 




1.27 4.08 18.14 646 0.33 211.60 
10 
 
1.27 4.35 16.97 698 0.31 213.07 
11 
 




1.27 5.03 14.62 721 0.26 188.14 
13 
 
1.30 4.40 17.18 720 0.31 222.67 
14 
 




1.28 4.97 14.92 765 0.27 203.90 
16 
 
1.30 4.65 16.23 738 0.29 214.89 
17 
 
1.28 5.33 13.90 Excluded – Stain flight path 
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X coordinates (Distance off the target wall): 222.76 mm 
Y coordinates (Distance from the reference wall): 808 mm 









1.33 5.43 14.18 Excluded – Stain flight path 
19 
 
1.32 4.31 17.83 677 0.32 217.81 




























h) Whiteboard Paint 1 
 
Tangent Method for the Determination of AOO 
Bloodstain 





Angle of Impact (AOI) 











1.24 3.54 20.50 631 0.37 235.98 
2 
 
1.22 9.03 7.76 Excluded – Stain size 
3 
 




1.21 3.9 18.07 863 0.33 281.65 
5 
 
1.29 4.18 17.98 858 0.32 278.38 
6 
 
1.25 5.17 13.99 Excluded – Stain flight path 
7 
 




1.25 3.55 20.62 Excluded – Stain flight path 
9 
 
1.29 3.14 24.26 649 0.45 292.45 
10 
 
1.29 3.6 21.00 726 0.38 278.65 
11 
 




1.28 3.74 20.01 760 0.36 276.82 
13 
 
1.27 3.48 21.40 626 0.39 245.38 
14 
 
1.26 3.65 20.19 847 0.37 311.54 
15 
 




1.29 3.62 20.88 648 0.38 247.14 
17 
 
1.32 3.49 22.22 603 0.41 246.37 
18 
 
1.27 3.15 23.78 550 0.44 242.31 
19 
 
1.33 3.61 21.62 694 0.40 275.03 
20 
 






1.28 3.03 24.99 525 0.47 244.69 
22 
 
1.29 3.19 23.85 575 0.44 254.24 
23 
 
1.28 3.34 22.53 549 0.41 227.79 
24 
 
1.27 3.11 24.10 558 0.45 249.63 
  Average:  256.53 mm 
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X coordinates (Distance off the target wall): 256.53 mm 
Y coordinates (Distance from the reference wall): 667 mm 























i) Whiteboard Paint 2 
 









Angle of Impact (AOI) 











1.30 3.91 19.42 810 0.35 285.55 
2 
 
1.34 3.75 20.94 896 0.38 342.80 
3 
 
1.31 3.96 19.32 986 0.35 345.64 
4 
 




1.31 3.25 23.77 653 0.44 287.61 
6 
 
1.28 5.35 13.84 785 0.25 193.43 
7 
 
1.32 5.48 13.94 747 0.25 185.39 
8 
 
1.29 4.06 18.53 778 0.34 260.71 
9 
 




1.24 4.15 17.39 785 0.31 245.78 
11 
 
1.27 5.12 14.36 Excluded – Stain flight path 
12 
 
1.29 4.96 15.07 Excluded – Stain flight path 
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X coordinates (Distance off the target wall): 275.66 mm 
Y coordinates (Distance from the reference wall): 708 mm 












1.27 3.95 18.75 935 0.34 317.48 
  Average:  275.66 mm 
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j) Whiteboard Paint 3 
  









Angle of Impact (AOI) 











1.28 4.98 14.89 1303 0.27 346.55 
2 
 
1.31 3.94 19.42 968 0.35 341.26 
3 
 




1.26 4.10 17.90 837 0.32 270.31 
5 
 
1.29 4.10 18.34 766 0.33 253.90 
6 
 
1.27 4.20 17.60 756 0.32 239.83 
7 
 
1.29 3.58 21.12 714 0.39 275.81 
8 
 




1.33 3.38 23.17 698 0.43 298.76 
10 
 
1.34 3.55 22.18 Excluded – Stain flight path 
11 
 
1.29 3.93 19.16 896 0.35 311.36 
12 
 
1.28 4.24 17.57 1010 0.32 319.83 
13 
 




1.30 4.21 17.99 1019 0.32 330.82 
15 
 
1.29 4.76 15.72 Excluded – Stain flight path 
16 
 
1.33 4.22 18.37 1025 0.33 340.39 
17 
 




1.28 4.30 17.32 864 0.31 269.40 
19 
 
1.30 4.18 18.12 834 0.33 272.91 
20 
 
1.31 4.68 16.26 932 0.29 271.74 
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X coordinates (Distance off the target wall): 296.47 mm 
Y coordinates (Distance from the reference wall): 828 mm 


















1.28 4.27 17.44 835 0.31 262.37 
  Average:  296.47 mm 
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k) Acrylic Sheet 1 
 









Angle of Impact (AOI) 











1.25 3.31 22.19 572 0.41 233.29 
2 
 
1.25 3.44 21.31 539 0.39 210.23 
3 
 
1.24 3.26 22.36 508 0.41 208.93 
4 
 
1.24 3.61 20.09 580 0.37 212.13 
5 
 




1.31 3.04 25.53 495 0.48 236.38 
7 
 
1.26 2.89 25.85 519 0.48 251.43 
8 
 
1.30 3.00 25.68 476 0.48 228.87 
9 
 
1.29 3.99 18.86 722 0.34 246.68 
10 
 




1.30 4.57 16.53 824 0.30 244.50 
12 
 
1.30 4.34 17.43 824 0.31 258.70 
13 
 




1.28 3.79 19.74 809 0.36 290.28 
15 
 
1.27 3.68 20.19 761 0.37 279.82 
16 
 




1.29 3.93 19.16 Excluded – Stain flight path 
18 
 
1.29 3.67 20.58 Excluded – Stain flight path 
19 
 




1.26 3.86 19.05 723 0.35 249.68 
21 
 
1.23 3.57 20.15 718 0.37 263.51 
22 
 




1.27 2.63 28.87 521 0.55 287.30 
24 
 
1.27 3.79 19.58 Excluded – Stain flight path 
25 
 




1.28 3.9 19.16 Excluded – Stain flight path 
27 
 
1.29 4.14 18.16 876 0.33 287.26 
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X coordinates (Distance off the target wall): 256.74 mm 
Y coordinates (Distance from the reference wall): 843 mm 





1.25 4.08 17.84 912 0.32 293.53 
29 
 
1.25 4.15 17.53 884 0.32 279.23 
































l) Acrylic Sheet 2 
 









Angle of Impact (AOI) 











1.30 4.41 17.14 1098 0.31 338.73 
2 
 




1.25 3.69 19.80 899 0.36 323.68 
4 
 
1.29 3.42 22.16 856 0.41 348.63 
5 
 
1.29 3.53 21.43 788 0.39 309.36 
6 
 




1.28 4.00 18.66 Excluded – Stain flight path 
8 
 
1.25 4.27 17.02 597 0.31 182.77 
9 
 
1.38 3.81 21.24 724 0.39 281.34 
10 
 
1.24 3.69 19.64 678 0.36 241.91 
11 
 




1.30 4.34 17.43 714 0.31 224.16 
13 
 
1.30 3.77 20.17 710 0.37 260.83 
14 
 
1.28 3.46 21.71 Excluded – Stain flight path 
 86 
 
X coordinates (Distance off the target wall): 287.47 mm 
Y coordinates (Distance from the reference wall): 702 mm 
15 
 
1.27 3.65 20.36 Excluded – Stain flight path 
16 
 
1.31 3.57 21.53 Excluded – Stain flight path 
17 
 
1.28 4.18 17.83 1055 0.32 339.37 
  Average:  287.47 mm 
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m) Acrylic Sheet 3 
 









Angle of Impact (AOI) 











1.28 3.27 23.04 Excluded – Stain flight path 
2 
 
1.25 3.07 24.03 558 0.45 248.75 
3 
 




1.25 3.30 22.26 800 0.41 327.43 
5 
 
1.3 3.75 20.28 750 0.37 277.19 
6 
 
1.28 3.32 22.68 781 0.42 326.34 
7 
 
1.26 3.16 23.50 653 0.43 283.92 
8 
 




1.27 3.15 23.78 617 0.44 271.83 
10 
 
1.29 3.46 21.89 817 0.40 328.27 
11 
 
1.27 3.71 20.02 870 0.36 316.97 
12 
 
1.26 3.32 22.30 800 0.41 328.17 
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X coordinates (Distance off the target wall): 304.39 mm 
Y coordinates (Distance from the reference wall): 1355 mm 















1.29 2.88 26.61 601 0.50 301.09 
14 
 
1.25 2.55 29.35 609 0.56 342.50 




























Appendix 3: Cleaning of aged impact patterns off the target surfaces (before and after photographs). Additionally, the product cost of each 










N/A N/A N/A 













• $37.60 (1L 
Primer) 








• $40.90 (1L 
Primer) 
• $95.00 (1L 
Topcoat) 





















cover 6m2 of 
surface) 








PAINT 3 21 days 
  
ACRYLIC SHEET 1 7  days 
  








ACRYLIC SHEET 2 14 days 
  
ACRYLIC SHEET 3 21 days 
  
